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The decade since the 1973 Arab oil embargo has been a -
remarkable one for renewable energy. The major shift in the
economics of energy that began in the early seventies har-
nessed the technological capacities of the late twentieth cen-
tury. Since then the world’s scientists, engineers, businessmen,
and ordinary citizéns have been hard at work in a vigorous .
search for new sources of energy. New ideas and inventions
continue to command attention in technical journals and news-
papers almost daily. Increasingly, solar collectors, wind ma-
chines, biogas digesters, and many other renewable energy
tec}mologles are becoming practical everyday devices used
throughout the world. .
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" Renewable Energy. The Power to Choose charts the progress
made in renewable energy in recent years and outlines renew-
able energy’s prospects. The focus is on practital here-and-now
technologies, and our intention is to be realistic yet hopeful.
We suggest a strategy for making the t'ransi&n to renewable
energy and evaluate the impact these changes could have on
different parts of the world.

Great progress has been made in thinking about energy in
the last decade. PRt to 1973, energy analysis seemed to consist
mainly of drawing exponkntial curves that were intended to
forecast future trends by assuming that past trends would con-
tinue. Today’s world is much more complex and uncertain, and
maijor strides have been taken in understanding the underlying
factors at work in energy trends, a fact from which we have
benefited greatly. The pioneering work of Amory Lovins has
contributed particularly to our thinking.

We are grateful to the U.S. Solar Energy Research Institute
and the George Gund Foundab’ei for supporting the research
and writing of this book. The Worldwatch Institute provided
an ideal setting for the project with its access to g wide array
of information sources as well as a bright and capable staff.
Lester Brown, the president ofl Worldwatch, originally sug-
gested the writing of this book, and he provided ideas and
enthusiastic support throughout. -
ther members of the Worldwatch Institute staff who re-

viewed the manuscript and made helpful criticisms are Kath-

leen Newland, Pamela Shaw, and Bruce Stokes. Much of the
research for the book was carried out by Worldwatch research
assistants Ann Thrupp, Paige Tolbert, and Edward Wolf. And
special thanks.are owed to the entire Worldwatch support staff
for its immense help throughout this project.

Dozens of people outside of Worldwatch provided com-
ments and suggestions as the book progressed, The entire man-
uscript was reviewed by Todd Bartlem, Erik Eckholm, Jose
Goldemberg, Degnis Hayes, James Howe, Ron Larsen, and
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Preface
P 1

Vaclav Smil Individual chapters were reviewed by David An-
* derson, Carl Asp‘lian, Thomas Cassel, Bill Chandler, Joe

Coates, Jeffrey Cook, Kenneth Darrow, Darian Diachok, Ron

DiPippo, Peter Fraenkel, Calvin Fuller, Jon Gudmundsson,
Keith Haggard, Michael Holtz, Mark Lyons, Leonard Magid,
Paul Maycock, Scott Noll, Carel Otte, Alan Postlethwaite,
. Mortimer Prince, Vasel Roberts, Robert Schreibeis, Dianne

Shanks, Scott Sklar, Jeffrey L. Smith, Barrett Stambler, and
Ben Wolff. Their critical insights have been invﬁ%;ble.

We also benefited from having a-great editor. Kathleen
Courrier’s literary skills were strengthened by her detailed
knowledge of renewable energy sources, both helped bring this
book to life. David Macgregor pitched in and did an excellent
job of editing the footnotes. All remaining omissions and errors
are, of course, our responsibility alone.

Daniel Deudney and Chnstopher Flavin
Worldwatch Institute
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~ Introduction
The Power to Choose

C elebrating a new spirit of global coexistence, the industrial *

nations in 1972 established an international research center
where the world’s best s rs could gather to study human-

ity’s most pressing problems. This unique venture.in eoopera-

. tive global forecasting—dubbed the International Institute for
Applied Systems Analysis (IIASA)—opened its doors in a
sumptuous Viennese palace in 1974. Soon the Institute
focused its computer models on the subject of energy.

For four years an international team of distinguished scien-
tists and analysts studied, conferred, and wrote. Their work,
Energy in a Finite World, .appeared in seven languages in
1981.1 It laid forth more comprehensively than ever before a
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planetary energy future—the future implicit in the conven-

tional wisdom guiding many of the world’s energy ofhcials. In

[IASA’s view humanity will use three to four times as much

" energy in the year 2030 as it did in 1975. Coal, oil shale, and

» nlclear breeder reactors figure most centrally in this supply-
U side extravaganza. Renewable energy resources do not.

The IPASA researchers' may have lost touch with reality in
their years of labor, for most of the important devel&pments
on the world energy scene in the decade since the 1973 oil
embargo Contradictg’ébc\'r/study. The report largely ignores the
potential for energy conservation and fails to take into account

rtant resource, environmental, and health limitations that

w make a fossil fuel- and nuclear-powered future ‘more
threatening than desirable. Moreover, the energy sources that
the I1ASA researchers expect to make the largest contribution
have failed tb grow as rapidly as projected, while the energy
sources they ignore have soared.2

The safer, more mddest energy future charted in thig book
reflects a very different perspective. Its starting poifit Is the

_end-use approach to energy pioneered by Amory Lovins in the
mid-seventies, focusing firstson the myriad needs for energy
and then on meeting those needs economically.? The rolé of
individual factories, communities, and individuals is empha-
sized, and the perspective is clearer since the actual mofivation
and constraints that determine energy trends are.apparen.
Another difference is that the focus here is on the major energy
developments of the last ten years, particularly those that could
affect future directions the most. One is energy conservation.
The other is renewable energy. )

Energy conservation has been the lifeboat in a decade-long
storm of energy problems. Conservation’s short “lead times”

" and modest costs make it the ideal response to sudden oil price
increases. With few exceptions, industrial countries have in-
creased energy efficiency by 10 percent or more since the early
seventles Developmg countries too have'[)egun to realize en-

N

P

t




Introduction: The Power to Choose .3
4 )

ergy conservation’s immense potential In the halls of govern-
ment and in industry boardrooms around the world, the central
role of energy conservation is now accepted

The past decade has also witnessed a quieter energy revolu-
tion More than a dozen tenewable energy, sources have been
explored, and many harnessed. Wood fuel and hydropower
have been used for centuries and today provide nearly one-fifth
of the world's energy. Passive solar design, wind power, alcohol
fuels, and geothermal energy also have been used in the past,
but not on the large scale they soon will be. Such new technolo-
gies as solar photovoltaic cells and solar ponds now appear to
have a huge, untapped potential. All of these energy sources
will last indefinitely, and all except geothermal power are based
on sunlight—which annually delivers to the earth more than
10,000 times.as much energy as humamty uses.*

The progress of the last several years marks a coming of age
for renewable energy. Technical advances have brought wind
machines and solar cells to the edge of the commercial market
for electricity in some countries Over 3 million solar water
heaters have been sold in Japan and 5 million wood stoves in

. the United States. Government commitments have been

demonstrated by an ambitious alcohol#uels program in Brazil,
wind anll solar programs in California, and geothermal and
wood energy programs in the Philippines. Dozens of communi-
ties around the world have developed their own ‘renewable

“dwergy and consenvation plans, no longer relying exclusively on
the programs of distant bureaucrats.

Equally important are the false starts and wrong turns now
on record. Some attempts to introduce solar cookers in devel-
oping countries and solar concentrating systems for electricity
generation in industrial countries, for instance, were oversold
and did not meet initial hopes But many of ‘the social and
technical problems encounteted have been instructive, and few
of these mistakes will have to be repeated. In some cases the

s +technology simply nceds to be introduced more carefully. In
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others a7ncw approach or a new technology is needed. |

The aim of this book is to draw on the decad¢’s experience
with renewable gnergy and critically assess its potential. Ten
years of trial and error have weeded out the less prorising
technologies, so the emphasis here is on the major sources of
renewable energy with the most potential. Passive Solar design,

. active solar collectors, solar photovoltaic cells, wood fuel, en-
ergy from other plants and wastes, hydropower, wind poiver,
and geothermal energy are covered at length, while such lim-
ited—or limiting—optiohs as wave power and solar satellites
are discussed briefly. Although obstacles still surround the use
of these eight major sources, their collective potential is enor-
mous. .

Of course, no energy transition can unfold overmght.
Switching from wood fuel to coal durin tﬂe industrial revolu-
tion took most countries a centlgfﬁ more, while several
decades were needed to introduce 0il and natural gas. The key
to a viable renewable energy-based future is that the wald find
means to make the transition gradually—phasing in new fuels
before the old ones run out and simultaneously reshaping

_economies and societies. The most encouraging aspect of the
progress made in the last decade is that it has cleared the way
for gradual change. Energy conservation has provided breath-
iné room while new technologies are developed that will allow .
a meshing of renewable and conventional energy sources dur-
ing the decades of transition. Change will be continuous and
the challenges enormous, but this process of historic change
will also prsvide opportunities for creativity and growth for
generations to come.

One misconception that seems to spring up again and again
is that energy sources must come in large packages. Early on
sorhe energy analysts did take solar energy to mean large arrays
of collectors strung across the world’s deserts and connected by
long-distance power lines to cities and factories—solar power

.based on the nuclear model. While the opposite view—that
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renewable_energy meant an exclusively “soft,”” decentealized
energy path—also found adherents in the seventies, a middle’
ground is emerging today Large and small, centralized and
decentralized energy technelugies all appear to have their
place Wind power ean be harressed by the megawatt at “wind
farms” and also by small turbines that supply individual homes.

Solar power can be captured at large solar ponds on \acant land
and by photovoltaic cells on rooftops. Renewable energy has
appeal for grow th-orientefeconomists and safe- -energy advo-
cates alike.5 '

Fifty years from now historians may well look back at_the
world’s heavy reliance on one fuel as an unhealthy anomaly
born of decades of low oil prices. In the future differences in

_climate, natural resources, economic systems, and social out-
look will determine whith energy sources will be used in which
regions Already Brazil is making alcohol fuels from sugar cane,
and China is converting agricultural wastes to fuel in commu-
nity biogas digesters In'Iceland geothermal energy is now the
most popular means of heating homes, whereas in Cdnada
fuelwood and passive solar design are providing a large share
of residential heat. The United States and }a apan a{g mean-
while applying theiktechnical muscle ts a proiyising pacg-age
technology—photovoltaics. Even within, nations energy sup-
plies will vary by region. Some countries will make use of five
or six majof sources of energy—true energ'y security.

Of ourse, 25 energy sppply patterns change so will econo-
mijes and societies Industries will tend to locate near laige
rivers, geothermal deposits, and other “lodes” of renewable
energy since the new fuels are-less portable than oil. New
patterns of employment, nelv designs for cities, and 3 revital-

* ized rural sector could all emerge with renewable energy devel-
opment Less welcome changes mighttinclude increased land-
use p@ures and shifts in the ba}mce of econgmic power
among regions.

For individuils and the enwronk]ent the changes would be ®

~
- ~ 4




6 Renewable Energy

rejuvenating. Because “renewables” are less polluting than
coal, people will breathe easier as energy systems change, as will
crops and forests. And renewable energy offers people wlho are
interested the chance to take more direct control over their
energy supply. For others, relying on renewable energy will
simply involve flipping a switch. As for housing, people will be
able to choose between free-standing homes that harness their
own energy or energy-efficient district-heated apartments. ¥or
many people in the Third World, renewable*energy develop-
méat will bring electric lights, running water, and space heat-
* ing for the frst time.

Renewaple energy is the power of choice. It works in a rural
or urban Setting, in centralized or decentralized systems. Re-

newable energy development is a gradual procgss that unfolds
with many small investments V'A/wncumé:x does not fore-
close another option tomorrow{ Banking on renewable energy

and energy-efhiciency is fundamentally the most conservative
.energy course we can take. Risks are minimized, options pre-
served.
risky curse is sticking mainly with coal and nuclear
twer. The investments needed to buy the new technologies
and the environmental controls théy require are too big to
allow investments in alternatives too. Mines, ports, railroads,
and synthetic fuel plants will have to be abandoned when coal
runs out or becomes too environmentally damaging to use so
heavnly To ensure that nuclear technologies do ngt fall into the
wrong hands, governments will have to polie€ their use, cir-
. cumscribing civil liberties to do so. Environmental damage
from cpal and nuclear plants will eventually make some areas
off limits and pose serious threats to human health. Equally
a
disturbing, the imposing institutions needed to guide~these
megasystems could become too entrenched to respond to the
public’s needs and desires.
Of course renewable energy will not flower on its own no
matter how powerful the logic behind its use. Important

)
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changes will have to be implemented by national governments,
communities, utilities, and businesses. And those whose in-
come and profit is tied to existing energy sources will fight the
changes that the majority so needs. Yet the new policié} re-
quired will not turn our world upside down. They nzad be only
improved versions of the research programs, financial incen-
tives, and community projects already afoot in many parts of
the world “Renewables” already enjoy broad-based grassroots
support in many countries. And as more people seize the politi-
cal power to choose, thdt popular base is growing.

In the long run, humanity has no choice but to rely on
renewable energy No matter how abyndant they may seem
toda)\ eventually coal and uranium w:'}l run out. The choice
before us is practical. We simply cannot afford to make more
than one energy transition within the next generation. We
have not money enough or time.
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F or most.of the last decade, the world has been stranded at
an energy crossroads. The shocks to the world economy caused
by the oil price increases of the seventies have set in motion
complex reactions and adjustments that are still unfolding. In
1980 Ylone, scores of national and corporate energy forecasts
were torn up and discarded, their ten-year predictions rendered
irrelevant by a year of real-world developments. Since then
analysts have again been caught flatfooted by the sudden slgck
that developed in the world oil market. Today confusion and
Jhardship seem to typify the new energy era. The two global
recessions triggered in part by the rise in oil prices have been
a blow to nearly all countries, but especially to the poorest

-
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nations that now find it difficult to meet their most basic needs.
Rising oil prices, engineered in part by the Organization of '
Petroleum Exporting Countries (OPEC), are a blessing as well
as a curse, however. Petroleum cannat support civilization in-
deﬁmtely The oil-price rises prepared people for the inevitable
and set in motion the wheels of ghange.
Energy progress achieved so far has come largely from en-
ergy conservation. During th€. last several years, the energy
' saved via millions of small efficiency improvements by busi-
v nesses and individual citizens has outstripped the impact of all
new sources of energy supply combined. Between 1979 and
1982 energy use fell 10 percent or more and oil consumption
was down 20 percent in many industrial nations, only partly
A owing to the recession.! In fact, without energy conservation )
the oil “glut” of the early eighties would not exist. A sign of
hope, this trend toward efficiency opens up the possibility that
the energy transition can be smooth and gradual. In contrast,
y  if exponential growth in energy.demand were to resume, that
transition would perforce, be disruptive, even brutal.
More vexing questions about which energy sources the world
will rely on remain clouded in uricertainty. Oil and natural gas -
will play an important but diminishing role for some time, but
how long is less than clear. Coal will likely grow in importance,
but how much we should burn considering the serious side
effects of its use is a tough question. In the ongoing debate over
nuclear power, economic, health, and safety uncertainties con-
tinue to come to light. Answering these thorny questions, how-
ever difficult, has become an obllgatlon for ourselves and our
children. . o

The Oil Rollercodster
Qil is a remarkably versatile and valuable fuel. It contains more

energy per volume than any other major fuel, and it is easy to
extract and transport. What’s more, petroleum refining is so

2.3




10 i Renewable Energy

highly evolved that the same barrel of oil can power jet air-
planes, light a peasant household, or serve as a feedstock in
plastics production. Technological progress and inexpensive oil
went hand in hand in shaping industry, agriculture, and life-
styles during the twentieth century.

As recently as 1950 oil supplied less than 30 percent of the
world’s “commercial” energy. At that time industrial econo-
mies relied heavily on coal,;which was the major fuel every-
where except North America. Oil’s rise came rapidly. Petro-
leum extraction exparided by over 400 percent between 1950
and 1973. (See Figure 2. 1.) Soon nations that had never used
oil before and possessed no domestic reserves were using it to
runtheir industries and vehicles.,From the United States the
petroleum economy spread rapidly to Europe, Japan, and the "
Soviet bloc countries, and later to the developing world. In
Japan oil imports increased eightfold between 1960 and 1973,
making the country briefly the largest oil importer in the world,
dependent on the Middle East for half its energy.2

Altogether oil now supplies 44 percent of the world’s com-

ercial energy and 38 percent of total energy (including bio-
mass), but even these numbers understate its impact on soci-
eties.? Industries built thousands of new plants that relied on
oil and natural gas, and consumers began using oil and gas to
heat and cook. The “car culture” took longer to spread outside
the United States, but since 1970 the world automobile fleet
(now consisting of over 300 million vehicles) has been the most
rapidly increasing oil consumer in many regions. Electricity use
also rose dramatically during this period. In the past, electrifica-
tion had beer based mainly on hydroelectric dams, but the s
to 10 percent annual growth rates of the sixties to a large extent
reflected the contribution of new oil- and gas-fired plants. Huge
amounts of capital were sunk into equipment that could be
powered only by petroleum. ,

As reliance on oil continued to rise in industrial countries,
petroleum use in the Third World increased too. Yet even

24
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Figure 2.1. World Commercial Energy Use by Source 1950-1980.

today the developing countries, which contain three-quarters
of the world’s population, consume just one-quarter of the oil
used each year. Many developing countries use less than one
barrel of oil .per person annually, compared to over twenty
barrels per person each year in some rich nations.# Of course,
what makes this comparison striking are the more than 2 bil-
lion people who still rely mainly on such traditional fuels as
crop wastes and wood.

Oil long seemed the ideal fuel for development. Using it
requires relatively modest investments in transportation and

Y-
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12 Renewable Energy

combustion facilities. Then too, unlike some traditional fuels
oil can be used with equal ease in cities or rural communities.
Until the late seventies, virtually all development pl'ans were -
predicated on the availability of cheap oil.

Today, sixty-seven developing nations rely on imported oil
to meet three-quarters of their commiercial erergy needs. Most
face a fuelwood shortage as well.5 Modern housing, industry
(especially cement, chemical, and pulp and paper producers),
and transportation all rely heavily on petroleum. Even in poor
rural areas, the oil era has left its mark. Kerosene is becoming
an important lighting and cooking fuel, particularly where fuel-
woed is scarce. Diesel-powered generators and pumps have in
the last decade become a common sight in Third World vil-
lages and farms—emblems of increased agrlcultural productiv-
ity and higher living standards.

For both industrial and developing countries, current oil
dependence is less important than the tremendous momentum
toward increased dependence that had built up by the time of
the 1973 oil embargo. World oil consumption consistently rose
6 or 7 percent annually, in good years and bad, and alternatives
to 011 were rarely even considered. By the early seventies eco-
normic growth and rising oil consumption appeared inextricably
linked.

The Arab oil embargo of 1973 and the Iranian revolution of
1979 will enter the history books as watershed events that
brought about some of the most important changes in the
twentieth century. As oil prices rose from $2 per barrel in the
early seventies to $12 per barrel in the mid-seventies to $35 per
barre} by the end of the decade, the initial impacts were eco-
nomic. Inflation became a global epidemic, reaching an aver-
age rate of 11 percent in the Western industrial countries by
1981. Inflation subsided in 1982, bu't slow economic growth
and soaring unemployment were other legacies of the new era.
In Western Europe alone, over 16 million people or 10 percent
of the labor force were without work in 1982, a particularly
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grim new record Few economists expect a return of the vi-
brant economic growth that pronded adequate jobs until the
early seventies.6

Though they were not the only dlﬂiculty facing the world’s
economies in the seventies, oil prices were nonetheless a critical
variable. They turned good economic performances into medi-
ocre ones and put marginal economies on the intensive care
list. Even at current prices and with continuing slack-in the
market, the cost of oil will cause economic problems for years
to come. Asa 1980 report by the International Energy Agency
concluded, the oil upheavals of the seventies “signalled a fun-
damental change i¥the ability of the industrialized natlons to
chart their:own economic destinies.”?

For developing countries that need economic growth to
alleviate poverty, the situation is particularly bleak. Although
the oil requirements of Third World nations are small by
industrial world standards, oil vulnerability is even greater. Net
oil imports jn oil-importing developing countries doubled dur-
ing the se*ies, and the cost of those imports rose nearly fifty
times, reacMIng an estimated $47 billion in 1980. Today oil
imports eat up more than a third of export earnings in most
developing countries. As Costa Rica’s economic minister ob-
'served, “In 1970, one bag of coffee [Costa.Rica’s chief export]
bought 100 barrels of oil, but today, one bag of coffee buys just
three barrels of oil.” The oil-import bill in Turkey in 1980
exceeded the country’s total export earnings, and in Ban-

gladesh, India, Sudan, and Tanzania, the figure was over 50 .

percent.8

In much of the Third World industrialization has slowed
and agricultural productivity is stagnatmg—-—problems that the
high price of oil greatly exacerbates. In many rural areas reliant
primarily on traditional biomass fuels, the end of cheap oil
means that fuelwood will continue to be used up faster than
it can be replenished and crop wastes will not be returned to
the undernourished soil. The tropical forests of developing
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countries shrink by 1.2 percent annually (some 10 to 15 million
hectares or an area the size of Cuba each year), and fuelwood
shortages have become a major Third World energy problem °
Without doubt the need for a rapid energy transition is more
critical and the issues raised more fundamental in developing
countries than in the richer nations,

Predicting the adequacy of oil supplies is well nigh impossi-
ble these days. Geological uncertainties, OPEC connivings,
political instability, and the shifting responses of consumers
have left oil analysts in disarray. One five-year forecast made
in 1982 concluded that ofl prices would be between $15 and
$150 a barrel and “the probability that the price could be
anywhere in that range is about equal.”1? With so many forces
at work on the world oil market, instability is bound to con-
tinuc, and this in itself presents a tremendous threat.

Global proven reserves of oil now stand at approxjmately 650
billion barrels, and perhaps another 600 billion remain to be
discovered. Although together these supplies equal 2.5 times
the amount of oil the world has used so far, they could be used
up rapidly if demand grows. Assessments of future oil-produc-
tion' levels made in the seventies that were based on reserve
figures and assumed escalating demand led to the conclusion
that production would peak in the early nineties at 50 percent
above current levels and then fall precipitously.1! )

Geological estimates of-ojl reserves have changed little since
the early seventies, but most other aspects of the oil prospect
have. Energy conservation combined’ with a global recession
has caused world oil use to fall dramatically between 1979 and
1982. Not since oil became the world’s largest energy source
has there been a continuous three-year decline. In the major
industrial countries oil demand appears unlikely to regain the
1979 peak level in the foreseeable future. While this slack in
demand will help relieve\ pressure on the world oil market,
those developing countrigs that can afford to claim a more
equal share of the world’s petroleum will prov?e a counter-




Energy at the Crossroads V 15

force. Led by rapidly industrializing countries such as Brazil
and South Korea and by oil exporters that still keep domestic
oil prices low, such as Mexico and Nigeria, the Third World
is likely to more than double its petroleum needs in the next
two decades, accounting for most of the additional pressure on
the oil market.!2 ,

The outlook for oil supply is meanwhile dominated by geo-
logical considerations in countries that have limited reserves
and by political uncertainties in the few oil exporting countries
that have ample resources. In the United States,.the world’s
first*major oil producer, oil production in all areas but Alaska
has fallen 25 percent since 1970. Qil-price decontrol has briefly
slowed the decline, but the petroleum yield per foot of explor-
atory well continues to fall. The United States, much of
Europe, and parts of the Soviet Union are dependent mainly
on over-the-hill oil fields.}3.

During the eighties oil production declines in the United
States and a few other nations should be offset by small in-
creases in China, Mexico, and one or two Middle Eastern
countries Significant global increases could stem only from
impreobable decisions by the major oil exporters, improbable
political stability in the Middle East, and improbable turn-
abouts in the findings of petroleum geologists. On the other
hand, one or two minor wars or national revolutions could
reduce world oil production considerably. On balance, world
oil production will probably never rise more than 10 percent
above the 1980 level of nearly 6o million barrels per day.14

Today the Western industrial countries and Japan consume
more than 6o percent of the world’s oil, but produce less than
one-quarter of the total. In fact, the resource base has shifted
to the developing world even more rapidly than these figures
indicate. Approximately’8o percent of provern oil reserves lie in
the Third World, three-quarters of that in the Middle East and
. North Africa. In contrast, the Soviet Union has 10 percent and
North America and Western Europe combined have just ¢

2
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Table%. 1. World Oil Production, Consumption,, and Rsefv;s, 1980

Region Production  Consumption  Proven Reserves®
(million barrels per day) (billion barrels)
Middle East 8.2 r.6 " 362
Africa 6.0 15 55
Asia-Pacific 49 ' 108 40
West Europe 2.5 13.9 23
Latin America 5.6 4.6 70
» North America 101 . < 18 33
USSR & E Europe 12.4 109 66
Total** 59.7 61.6 649

*Figure for year end ’
**Production and consumption totals differ due to different accounting mct]:ods

Soutce: Bastc Petroleum Data Book, Oil and Gas Joumal, and BP Statistical Review

percent of global oil reserves. (See Table 2. 1.)1% It is these
figures—not the absolute size of oil reserves—that will largely
determine the adequacy of world petroleum supplies. Whether
there is oil enough to continue production at current levels for
fifty years matters little if just two or three countries control
it. Reliance on so extremely concentrated a resource is an
invitation to crisis. Although the current slack in the oil market
is well entrenched, it is far from perthanent. Unless the transi-
tion away from oil dependence continues to gather momen-
tum,canother oil disruption by the end of the decade is worth
betting on. i

Natural Gas: A Tempora}y Buffer

One possible cushion against oil shortages is natural gas, a
relatively new and underexploited resource. As recently as
1972, the United States used half of all the world’s natural gas
and only a few nations used it in significant amounts. Since
then natural gas has been one of the fastest growing energy

¥
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sources. It now supplies 20 percent of the world’s commercial
energy and 18 percent of its total energy—about half as much
as oil does.16

Most natural gas is found together with oil deposits. Until
recently, it was often simply flared—burned for no pyrpose
Indeed, without pipelines and related facilities, this-precious
fuel is of little value. In many places where natural gas abounds,
only a few industries or private consumers are in a position to
use it.

Yet flaring will go by_the way as more people recognize
natural gas's value as a clean and efficient fuel and as a feed-
stock for petrochemicals. Already some countries limit oil pro-
duction to reduce the amount of gas being flared, and many
companies have recently begun exploring for natural gas. An-
other sign of the growing value of natural gas is its rising price.
Once far cheaper than an equivalent amount of oil, gas now
costs almost as much wherever a competitive energy market
. exists.17

It is easier to be optimistic about gas than about oil supplies.
Many as yet untapped areas hold great promise. Deep reser-
voirs as well as such unconventional sources as geopressured
aquifers, coal seams, and Devonian shale may all yield gas
Huge, casy-to-tap reserves in the Middle East and other oil-
produging regions will be exploited as soon as the necessary
facilities are built. In contrast to oil production, natural gas
extraction is likely to rise 20 to 30 percent during the next two
decades.18 ,

Unfortunately, the world’s natural gas reserves are as une-
qually distributed as its oil reserves. Most of the increase in
output will occur in just four regions—Mexico, the Soviet
Union, the Middle East, and North Africa. A few other devel-
oping nations have ample reserves, but most poor countries do
not. Among industrial countries, natural gas is a severely lim-
ited resource. Most U.S. reserves have been tapped, and the
, United States will be lucky to maintain current production
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levels Tor the next decade. Western Europe will obtain large
amounts of natural gas from the North Sea during the eighties.
But Europe’s chief gas resource, which is in the Netherlands,
will diminish steadily. On balance, natural gas will be a major
energy resource for just a few nations.19
For the world as a whole, however, even expanded natural
gas supplies do not spell energy salvation. The costs and safety
problems of transporting large quantities of liquefied natural
gas overseas cannot be dismissed lightly, and geography will
limit pipeline exports of gas to such natural connections as that
between the Soviet Union and Western Europe and between
Mexico and the United States.2® Put bluntly, natural gas is not
oil’s equal. It can never be widely traded on the world market.
Nor can it be put to all the tasks oil performs. Although it is
ideal for heating homes and for use in the manufacture of
fertilizer,’ it cannot replace oil in the world’s automo-

to develop indigenous, sustainable energy sources.
King Codl

Eclipsed by oil since mid-century, dirty old coal is well on its
way to being king again, according to some energy analysts.
"World coal use is expanding by roughly 3 percent yearly in the
early eighties, after more sluggish growth in the sixties and
seventies.2! In Australia, India, the United States, and other
coal-producing nations, huge investments are going into coal
mines, transport facilities, and coal-fired power plants. Even
virtually coal-less nations such as Japan and Sweden are gearing
up to use large quantntnes of this resource. '

Part of coal’s appeal is its abundance. No other fossil fuel is
so plentiful. Recoverable reserves are estimated at 660 billion
metric tons, 270 times the amount extracted each year. Today
coal supplies 27 percent of all commercial energy used and 24

32
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percent of total energy Almost certainly it will overtake oil as
the world’s largest source of energy by the nineties.22

The most thoroughgoing evaluation of the coal prospect is
the World Coal Study, a decidedly bullish assessment com-
pleted by a team of coal experts from sixteen countries in 1979
Assessing likely demand for coal in various regions and then
projecting supply availability, the international team forecasts
that coal use will double or triple in the next two decades.
(Over the last twenty years, coal use has increased only 40
percent.) “In the industrialized countries coal can become the
principal fuel for economic growth and the major replacement
for oil in many uses,” the study concludes.23

The World Coal Study is far from the last word on the coal
outlook, however. It underestimates the potentially enormous

economic constraints on the use of such large amounts of coal. -

Nor does it take proper account of the environmental and
health consequences of using coal to replace oil, much less the
widespread public opposition to further increases in coal use
they could ignite. And it does not acknowledge fully that coal
is at best a second-rate substitute for oil in many applications.
Indeed, even if production triples, many nations will be hard-
pressed to make coal serve their most essential energy needs.

Transportation figures centrally, in the economics of coal
since ten countries possess 92 percent of the world’s resexves
and three nations—China, the Soviet Union, and the United
States—own 57 percent. (See Table 2. 2.) Today only 8 per-
cent of the world’s coal is exported. To triple world coal use,
world trade in steam coal (which is used for everything but stecl
production) would have to rise approximately twelvefold.24

That Ymount of shipping could raise coal’s price significantly,”

since transporting it requires large investments in port facili-
ties, barges, railroads, and slurry pipelines.

Transportation is by no means the only big expense in the
coal business. Power plants and industrial boilers require huge

investments. And if synthetic fuels facilities are eventually

34
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Table 2. 2. Coal Reserves and Annual Production fc;r Major
Coal-producing Countries, 1977

" Economically

Country recoverable reserves Production,
/ ¢ (billion . (Percent) (million metric (Percent)
metric tons) tons per year)
United States 167 25 560 23
_ Soviet Union 110 17 510 21
" People’s Rep. of China 9 15 373 15
Poland 6o 9 167 T 7
United Kingdom ~ . 45 T 7 108 4
South Africa ’ 43 7 73 3
West Germany . 34 5 120 5
Australia o33 . 5 76 3
ndia i 12 2 72 "3
"Canada + - 4 <1 23 1
Other Countries 56 -8 368 15
World 665 - 100 2,450 100

Source World Coal Study
}

built to transform coal into liquid and gaseous fuels, they will
" boost the cost of using this enedgy source dramatically. In

isolation no single investment seems unmanageable. But added.

together they make a doubling or tripling of coal production
staggeringly expensive to producers and consumers alike.

The largest costs.of expanded coal use are health.and envi-

ronmental. Increased coal use likely means more deaths among
miners, more air polutior, more land degradation, and more
carbon dioxide build-up in the atmosphere. New technology
and additional money can alleviate sore of these problems, but
such expenses hurt coal’s economic viability. Other problems
—such as carbon dioxide—may elude control altogether.
Mining coal i§ a deadly occupation. While major coal pro-
ducers such as China and the Soviet Union do not publish
statistics, ah estimated 15,000 to 20;?00 coal miners are killed
an the job each year. The majority of these deaths are in China,

P : ’
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India, and the Soviet Union, where most of the coal is ex-
tracted manually rather than by large machines. Indeed,
though China and the United States produce roughly the same
amount of coal, between 3,500 and 5,000 Chinese miners are
killed yearly compared to 150 in the, U.S. Clearly mechanizing
the coal industry and adopting safe operating procedures makes
a difference, but given the long governmental neglect of these
problems and the high cost of mechanizing Third World
mines, a major increase in ¢oal extraction is dikely to take a
heavy toll in miners’ lives.25

The localized health effects of coal burmng are like mining
casualtles——-prewentable in theory but not always in practice. -
The pollution controls now used in Western industrial coun-
tries have made coal burning much cleaner than it was in the
early industrial period. In particular, pollution-control technol-
ogy has removed the sooty particulate matter that once covered
many cities. Yet large amounts of sulfur and nitrogen oxides
and other pollutants are still emitted. In developing countries,
where most coal is burned int small boilers, pollution-control
technologies often cost too much to use at all.

Exactly how many people coal burning kills is difhicult to tell,
but a convincing 1980 study found that doubling coal use in
the Ohio Valley (as the U.S. Government proposed to do to
reduce oil use) would shorten lives of 45,000 people over a
five-year period even if the $3.2 billion needed to meet pollu-
tion-control standards is spent. Given that 50,000 people al-

_ready die prematurely from coal pollution each year in the
Upited States alone, the worldwide count is probably around
& a million a year. Unless stringent and expensive controls
are widely imposed, increasing coal use would probably
shorten the lives of several million people in the next two
decades.26 .

The dimensions of angther form of coal pollutnon—-—acnd rain
—are just coming to light. Caused when sulfur and nitrogen
oxides released from fossil fuel combustion combine with at-

35
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mospheric water, acid rain is of growing concern in such indus-
trial regions as northern Europe and eastern North America.
In these areas acid rain is destroying aquatic life and damaging
historic buildings, monuments, and other manmade structures.
Unlike mining deaths and local air pollution, the effects of acid
rain are often experienced hundreds of miles from the pollution
source, making regulation difficult and tension between border-
ing states and nations likely. Exacerbated by the use of tall
stacks to disperse local pollutants, the acid rain problem rein-
forces the need for expensive gollution-removal systems.2”

Carbon dioxide emissions from coal burning may prove a,

more far-reaching and intractable pollution problem. Since the
Industrial Revolution, the level of carbon dioxide in the atmo-
sphere has increased by approximately 20 percent—pirtly as a
result of coal burning, which releases substantially more carbon
per unit of available energy than oil and gas do. Scientists
estimate that tripling coal production by the century’s end
could double carbon dioxide concentrations in the atmosphere
by the year 202g. If, as many scientists suspect, carbon dioxide
accumulation causes the atmosphere to warm up, weather pat-
terns could be altered, probably reducing rainfall in some agri-
cultural areas. Ocean levels would rise as Antarctic ice melted.
While technically possible, removing carbon dioxide from
stack emissions is prohibitively expensive.28

Carbon dioxide poses unique dilemmas. Conclusive evi-

,p(

dence about its effects could well come only after the problem '

is beyond repair, and few politicians make careers of attacking
the next generation’s problems. Moreover, given the global
scale of carbon dioxide pollution, unilateral efforts to halt its
release would have little effect. So great-are the complexities
surrounding the carbon dioxide issue that some argue that
effective action is impossible and that we should begin plan-
ning for the “warm up.” They would be right if carbon dioxide
buildup were coal’s only drawback. But it is not. The need for
“a breather” so that scientists can continue to assess the magni-
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tude of the carbon dioxide problem is only\One element of a
powerful case for slowing the growth of coal use.

Coal’s final drawback is its limited utility. Today fully 6o
percent of the world’s coal is used to generate electricity, and
another 23 percent (high-grade metallurgical coal) is ysed for
steel production.2® Most of the remaining 17 percent is con-
sumed for other industrial purposes. The contrast with oil
could scarcely be greater. The most common (and valuable)
uses of oil are as a fuel in tragsportation and buildings and as
a feedstock in petrochemlcal production. -

Most llkelg*the uses to which coal is put will not broaden
significantly in the near future. The economic constraints are
simply too large, a point even the most bullish coal forecasters
recognize. The World Coal Study concludes that mostof the

“huge i mcrease it forecasts will be used in power plants. Coal’s
role in mdus&gc could increase substantially where coal is acces-
sible, but the many small industries far from cbal mines or in
areas)that already have heavy air pollution will have to find
othef alternatives. In residential and commercial buildings,
coaf has little place. It is simply too expenswe to transport and
tod dirty to use.

Coal would hold more promise if it could be converted into
a liquid or gaseous fuel cheaply and effectively. But while coal
chemistry has become sophisticated after more than a century

. of research, coal-conversion processes remain complex and in-
herently energy inefhicient. Cost estimates for synthetic fuels
plants have escalated as quickly as oil prices since the mid-
seventies, extinguishing early optimism about “synfuels.” Ac-
cordingly, ambitious synthetic fuels programs in the United
States and West Germany have been scaled back greatly. By
most reckonings, synthetic fuels will play only a minor role by
the end of the century. The most economical synthetic fuels
are likely to be methane and methanol rather than the more
complex hydrocarbons.3°

For the foreseeable future, coal will be used mainly for
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clectricity generation. Already coal-fired power plants have a
significant economic edge over oil-fired and nuclear plants in
areas where coal is abundant. But coal addresses only a small
slice of the energy problem in most areas. Less than a third of
the world’s electricity is currently generated using petroleum,

. in such countries as France and the United States, substituting

coal for oil completely in electricity generation would reduce
oil imports by a mere 10 percent. Meanwhile, the growth rate
in electriclity demand has fallen off precipitously in much of the
world, making a mockery of extravagant forecasts for coal’s use,
in power generation. ’ :

Nuclear Power; Too Bleak to Meter .
Nuclear power has had a short and meteoric history. No other
new energy source has received as much government support
or stirred such controversy. Originally conceived as safe and
“too cheap to meter,” nuclear power enthralled scientists and
the general public alike during the postwar period. Several
governments, led by the United States and the Soviet Union,
supported large nuclear research programs, and the technical
breakthroughs of the fifties soon became the “commércial suc-
cess” of the mid-sixties as governments persuaded utilities to
begin investing in nuclear power.3!

During the sixties and seventies, utilities in Canada, France,
Great Britain, Japan, thg Soviet Union, and the United States
committed billions of dollars to this new technology. These
nations were soon followed by(many other industrial countries
and a few developing countries. Béginning in 1970 the number

of operating nuclear plants increased rapidly. By 1981 some
256 nuclear reactors in twenty-two countries were supplying
approximately 8 percent of the world’s electricity (2 percent of
total energy supplies).32 Energy planners foresaw a rosy future
in which nuclear plants not only supplied most electricity but
also began to displace residential and industrial fuels. Literally
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thousands of plants would be required to meet thos¢ goals, but
nuclear experts from the Soviet Academy of Sciences and the
U.S Atomic Energy Commission alike were genuinely confi-
dent that their goals could be met. Construction, they argued,
would become easier and costs would fall as the industry ac-
quired experience.

The prospects for atomic power began to dim almost as soon
as the first large nuclear plants were completed. As a theoretical
prospect materialized into a concrete reality, important unan-
swered questions related to public safety, long-term waste dis-
posal, and weapons proliferation emerged. Political opposition
to nuclear power began to grow. By the mjd-seventies individ-
ual plants in Europe, Japan, and North America had become
targets of local public protest, and by the early eighties many
government officials and nuclear scientists had joined the grow-
ing anti-nuclear movement.

Since the first days of civilian nuclear power, disposing of
spent nuclear waste has been a major concern. Twenty-five
years after the first commercial power plant began operation,
it still is. Early hopes that nuclear wastes could be stored in
extremely stable geological formations for millennia have been
dashed by the realization that extensive tunneling and drilling
destabilize rock structures. And our ability tq predict the paths
of subterranean water flows seems more questionable as we
learn more about the earth’s inner complexities. Nevertheless,
some pronuclear countries—notably France—have moved
ahead with retrievable storage systems that rely on the capacity
. of future generations to monitor the materials eﬂecflvely, re-
pair the containment vessels, and prevent their theft. Such
measures are obv:ously expensive, and their 10ng term effec-
tiveness can never be guaranteed.33

Born of warfare and then transferred to civilian power pro-

duction, the two uses of nuclear energy have never been se-
curely separate. The early belief—central to commercial nu-

clear power’s acceptability—that civilian “reactors and -
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bomb-making capabilities could be kept apart grows less plausi-

dble each year. New technologies for making nuclear power
more efficient are further eroding this thin line, and the Inter-
national Atomic Energy Agency’s proliferation safeguards sys-
tem is generally recognized as too weak to prevent the diversion
of nuclear materials from power pldnts to warheads. In the
wake of India’s surprise detonation of a bomb made from
materials from a civilian reactor, several countries now appear
to be developing nuclear bombs behind the fagade of a “peace-
ful” nuclear power program. While a few additional nuclear
weapons in a world with over 50,000 warheads might seem a
small additional risk, the possibility that irresponsible govern-
ments may acquire nuclear materials makes nuclear power an
extraordinarily dangerous way to generate electricity. 34

Meanwhile, some fundamental economic problems have
also begun to plague nuclear power. Irvin Bupp of the Harvard
Business School observes that “the nuclear plants that were
being sold in the mid-sixties on the promise of cheap power
would not actually begin to operate until the early séventies.
But there was little or no effort by reactor manufacturers, by
the purchasers or by the government itself to distinguish fact
from fiction on a systematic basis.”35 It turned out that these
original cost estimates were low by a large margin, a fact that
became painfully apparent as cost overruns accelerated
throughout the seventies.

The most thorough economic study done so far is by Charles
Komanoff, a U.S. energy analyst. He found that in the United
States between 1971 and 1978 real capital costs for nuclear
plants (after accounting for inflation) rose 142 percent—13.5
percent per year or nearly twice as fast as costs for coal plants.

KomgapofF's analysis indicates that these increases were not, as
the%stry alleges, caused by licensing delays. Rather, cost
increases reflect design changes needed to resolve important
safety prablems discovered as earlier commercial plants began

’
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to operate. Komanoff concludes that similar increases can be
expected in the eighties as we face still unresolved safety issues,
including those raised by the accident at Three Mile Island. As
a result the simple economic viability of nuclear power is now
uncertain at best.36 .

A related obstacle confronting nuclear power is one that it
shates with coal—slowing growth in demand for electricity.
Nuclear power is used virtual®*entirely for electricity genera-
tion, and electricity demand slumps have been one of the major
reasons for power plant cancellations in recent years. In France
it now appears that the country will have expensive excess
nuclear capacity by the late nineties, a problem the govern-
ment could solve only by dramatically lowering electricity
prices.37 Yet in France, as elsewhere, cost overruns ¢n current
nuclear plants are partly to blame for electricity price increases.
For the remainder of the century, coal and nuclear power will
be competing mainly against each other in a severely limited
electricity market, and coal has a decided edge in most coun-
tries. .

The combined effects of cost overruns, slowing growth in
electricity demand, high interest rates, and widespread public
opposition are showing up in utility construction programs,
particularly in the United States. Although most U.S. utilities
still outwardly express enthusiasm for nuclear power, many are
simultaneously pulling the plug on the industry. From a peak
of twenty to forty new plants per year.in the early seventies,
new orders fell to an average of three per year between 1975
and 1978 and then ceased entirely. Meanwhile, nuclear plant
cancellations mounted steadily, reaching a total of fifty-eight
for the years 1977 through 1982, a figure that represents more
than the total installed nuclear capacity in the country in 1982.
Once it was assumed that the United States would have
300,000 to 500,000 megawatts of nuclear capacity by 1990
with even faster growth in later years. More likely now, U.S.

«
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nucleat capacity will be less than 120,000 megawatts in 1990,
with little further growth in the nineties.38 .
* Canada, Great Britain, Japan, and West Cermany hgve
scaled back their nuclear programs, too. Rising costs are part
of the reason, but even more important is mounting public
opposition to nuclear power. In Germany a de facto, morato-
rium on new plant orders has been in place since the early
seventies. And in Sweden, which gets fully 15 per€ent of its
electricity from nuclear plants today, a 1980 referendum
banned further orders for new plants and decreed that nuclear
power will be phased out by 2010. France is perhaps the only
“Western country likely to rely heavily on nuclear power in the
coming decades. France now gets over 40 percent of its elec-
tricity from nuclear power, but French nuclear critics charge
that the country’s program survives largely through taxpayer

sul;\s;}‘fl ies.39
clear programs in Eastern Europe have followed a similar
path—surprising, “considering the differences in the political
systems of those countries. There, too, nuclear plant construc-
tion has been more costly and slower than expected. Although
Soviet leaders continue to support the nuclear program, actual
capacity today is less than half the level forecast in the early
seventies. During the early eighties, projections for 1990 were
trimmed by more than 40 percent40

In the Third World nuclear power has had a mixed wel-
come. Today a handful of developing countries are pperating
nuclear plants, and about a dozen more have nascent nuclear
power programs.*! For many developing copntries, technologi-
cally sophisticated nuclear power has important prestige value.
In the Third World nuclear power’s financial problems, how-
ever, appear intractable since huge capital mvestments are
needed. '

, Another problem that impedes nuclear plants in the Third
World is their size. Even the smallest reactors marketed in

“
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industrial countries are too large to be used in the electricity
grids of most developing nations. If a single power plant pro-
vides too high a proportion of generating capacity, shutting it
down knocks out the entire system” Canada and France have
attempted to get around this difhculty by marketing “mini-
reactors” in the Third World, but electricity from these ‘“small
fry” costs much more than that from larger power plants.

Compelling evidence suggests that nuclear power will supply
just 3 to 4 percent of the world’s energy during the closing years
of this century. By 1990 the world will likely have about
300,000 megawatts of nuclear capacity. (See Table 2. 3.)42 The
outlook for the year is more uncertain, but growth rates
are likely to slow since many of the recent cancellations
f scheduled for completion in the
nineties. Given cohtin cost overruns and the long lead
times for nuclear plant construction, nuclear power cannot
possibly soon provide the massive contributions to the world
energy supply. that were énvisioned a few years ago.

Table 2. 3. Estimated World Nuclear Power Capacity, 1981 and
Pro;ectnons to Year 2000

Region 1981 1990 2000
(1000 megawatts)

Western Europe & Japan . 57 11§ 150\

North America : 6o 120 130

Soviet Union & Eastern Europe 16 50 . 75

Developing Countries 3 ‘ 18 25

Total 136 .303 380

“Source US Atomic Industnial Forum and the Financial Times Energy Economust.
The projections are the authors’

{e optimists still cling to the hope that new nuclear
technblogies will one day resurrect this problem-plagued en-
ergy source. In particular, many hopes have been pinned on the

' 4.
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breeder reactor. The attraction of the breeder reactor—which
is being developed in France, the Soviet Union, and the
'United States—is that it would produce more nuclear fuel than
it consumed, unlike conventional reactors that consume pre-
cious enriched uranium. Yet today uranium is plentiful and its
cost is falling. More to the point, breeder technology is likely
.to come up against most of the economic problems that con-
front light water reactors. On a commercial scale, breeder
plants would likely be extremely complex and expensive and
would raise safety and proliferation hazards. As commercial
operations increased, traffic in plutonium, a raw. material used
to manufacture nuclear bombs, would inevitably rise, greatly
increasing the likelihood of nuclear war or terroristh.43

Even ignoring these formidable problems, the earliest sub-
stantial energy contribution breeder reactors could make would
come in 2010. Meanwhile, breeder technology absorbs well
over a billion dollars of government research funds each year
‘—funds that could be far more productlvely spent on other
energy Sources.

Nuclear fusion is another technology under extensive re-
search. To explore the attractive possibility of producing inex-
pensive power by fusing isotopes of superabundant hydrogen,
hundreds of millions of dollars are being spent. Some fusion
enthusiasts speak of the technology with a messianic zeal, hav-
ing transferred to it the old hope of unlimited and environmen-
tally benign energy. But research efforts have yet to demon-
strate even the technical feasibility of commercial fusion
power, and energy technology’s history is strewn with theoreti-
cally brilliant devices that never made the jump to economic
viability. Fusion technology, in contrast to breedef reactors,
does deserve continued government-backed research But for
all its promise,_ this technology remains speculative, and the
bets won’t be called in until the year 2025 at the earliest. 44
Fusion therefore offers no answers to the most pressing energy
problems of the near future.

14 -
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The Conservation Revolution

The prospects for oil, natural gas, coal, and nuclear power
afford little optimism about our energy future. The inexpensive
and convenient energy sources are running out, while the abun-
dant sources are dangerous or poorly matched with the world’s
energy needs. The conventional “supply-side” approach to en-
ergy planning appears increasingly uneconomic and antisocial.

But amid these disappointments, conservation is a shining
light. From tiny bungalows to steel mills, improved energy
efficiency has been the most successful response to rising oil
prices. Today saved energy costs less than energy produced
from new sources almost everywhere, a development that has
brought many economists up short. Truly a “conservation revo-
lution,” this radical departure from established trends provides
hope for resolving the world’s energy dilemmas.

The most common way of gauging energy conservation or
energy efficiency is to compare the rate-6t growth of energy use
with that of national economies. After World War II the two
tended to grow in parallel, and conventional wisdom held that
they were inalterably linked. But since the early seventies eco-
nomic growth has been three times as rapid as energy growth
in the United States, and in Europe and Japan it has been twice
as high. By 1981 the economies of the Western industrial
countries were already 19 percent more energy efficient than
they were in 1973. Conservation’s contribution to meeting
additional energy needs during this period was several times
the size of all new sources of supply combined. Between 1979
and 1981 alone, oil use fell by 14 percent in the United States,
15 percent in Japan, and 20 percent in West Germany, almost
twice the declines that occurred during the 1974~75 reces-
sion.*5, ) ‘

Energy conservation is taking hold in various-forms virtually
everywhere. In Nairobi, Kenya, a major hotel cut its electricity
use for air conditioning in half during a four-year period. In
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2 _ Japan most household appliances purchased today are 40 to 60
percent more efficient than Japanese appliances were in the
mid-seventies. The fuel used per passenger-mile in the U.S.
airline industry has been cut by 30 percent. Many of these
improvements stem from modest technology improvements
and simple “housekeeping” measures. Yet a vast range of
slightly more complex and expensive innovations are néw-eco-
nomical. As they are introduced, conservation’s momentum
will build.46 >

In major energy studies in Denmark, Sweden, the United
States, and other nations, energy analysts have recently sur-
veyed the potential for further energy conservation. By far the
most comprehensive of these analyses was that completed by
the U.S. Solar Energy Research Institute in 1981. According
to the SERI report, even with rapid economic growth, energy .
use could be cut by 25 percent by the year 2000. In fact, so
many inviting opportunities for investing in energy efficiency
were identified that SERI concluded that lowering energy use
will actually improve economic prospects. The advent of less
energy-intensive “service economies” will accentuate these
trends.47 .

Already conservation has becomg a $10-billion a year busi-
ness in the United States.48 Similar though less dramatic re-
sults have been obtained in other countries where energy waste
was lower at the outset. In the industrial nations, a general
consensus holds that growth in energy use will not exceed 1 to
2 percent per year and that it could be even less if conservation
is embraced wholeheartedly.

The conservation revolution has more than upset the projec-
tions of economists, however. It has fundamentally changed
the context in which energy systems operate. No longer can
energy be seen as a single commodity needed in predetermined
ampunts. Today, with few inexpensive energy alternatives
available, the emphasis is on conserving energy wherever possi-
ble and using whichever energy resources are most economical
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in particular applications. As a result, energy growth will tend
to be much more varied and “use-specific,” a development
with important implications for renewable energy’s future.

VVhen supply availability alone guided energy assessments,
new energy sources were compared primarily with oil or coal
for large-scale conversion to electricity. Since it was imagined
that world energy demand would inevitably multiply and that
the main choice was between thousands of nuclear reactors or
hundreds of millions of solar collector systems, renewable en-
ergy advocates were soon branded as unrealistic. But with the
current pressing need to conserve and to pay attention to
end-uses, the competitiveness of renewable energy sources with
conventional energy sources on a case-by-case basis has become
all'important.+°

Many renewable energy technologles appear to fit current
energy needs quite well. Most industrial countries, for instance,
need small amounts of additional electricity generating capac-
“ity, most of it centered in a few rapidly growing regions. By the
late eighties and early nineties (when the new capacity is
needed), small-scale hydropower plants, wind- turbines, and
wood-fueled cogenerators will be among the cheapest power
sources available to meet that additional need. All can be built
quickly, and an additional unit or two can easily be added as
demand dictates. Similarly, households and industries that use
energy efficiently and carefully calculate their future needs are
finding that renewable energy technologies are on the verge of
competitiveness.

Just as energy conservation has revolutionized energy eco-
nomics, so has it encouraged far-reaching changes in the geo-
graphical gnergy balance. In the past most energy growth oc-
curred in'é relatively small number of industrial countries. In
the future a much larger share will occuryin the Third World.
" Although developing countries can make sybstantial cost-effec-
tive investments in energy efhiciency, their need for new energy
sources is certain to grow more quickly than that same need will
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grow in the industrial world” According to World Bank esti-
mates, energy needs in the Third World will grow at 5 percent
per year in the eighties (compared to 7 percent growth in the
seventies). Developing countries simply cannot afford to meet
most of their growing needs with imported oil.50 '
The case for renewable energy clearly rests on more than oil
price forecasts and the economic prognosis for coal. More
important than either is a clearheaded assessment of the evolv-
ing world energy situatjen and its underlying subtleties—ex-
actly what'’s missirL:gdZZr: supply-oriented energy studies such
as the one conducted'by the International Institute for Applied’
Systems Analysis. Supply-side studies take an exajoule for an
exajoule no matter whether the energy in question is for use in
automobiles or air conditioning, which now makes about as
much sense as saying that human bemgs can live excluswely on
carrots of anchovies as long as their need for calories is met.
Of course, supply-side studies cannot be dismissed lightly as
long as they continue to dominate energy policy making. But - .
their shortcomings underscore the need t6 widen the energy
debate to take account of the diverse uses of energy and the -
wider social and environmental 1mpllcatlons of the course we. .
" chodse.




-l: the surprise of many technologists, the oldest and simplest
use of solar energy is proving to be among the most successful
in the 1980s. Just a decade agg; it was commonly thought that
residential solar heating had to mean the use of pump-driven
“active” systems employing solar collectors. Yet today, passive
solar or climate-sensitive design is one of the most rapidly
growing uses of solar energy despite a minimum of government
support. The reason is simple: Passive solar buildings use rela-
tively simple, inexpensive changes in design and construction
techniques to maintain comfortable temperatures. By combin-
_ ing design concepts that have been known for centuries with
modern building materials and technologies, bujlders are con- .
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structing houses that use 75 to 9o percent less fuel than con-
ventional ones at only small additional cost.!

The principles being applied in climate-sensitive design are
quite simple, since they are based on the idea of using’natural Y

_conditions to the best advantage. The designs are intended to
admit sunlight during the winter but keep it out in the sum-
mer. Insulation and thermal mass are used to prevent rapid
temperature changes. Of course, the emphasis is on maximum
“solar gain” in cold, sunny areas and on keeping the building
cool in tropical regions. Because passive solar designsiricorpo-
rates both energy conservation and the use of renewable re-
sources, it exemplifies the twin energy strategles with the most
potential in the decadés ahead.

Knowledgeable observers predict that the next decade will
see some of the most rapid and far-reaching architectural
changes in history. As a pioneering solar architect noted in
1980, “traditionally, architecture has been a response to the _
times, and energy conservation is the issue of our time.” Passive
solar buildings are already catching on in many industrial coun-
tries, particularly the United States where over 60,000 have
been built since the early seventies. So faf there is little activity
in the Third World, but the long- -run potential there is equally
large. Buildings are a growing part of the energy problem in
most countries, and improving designs today would greatly
enhance the comfort and economic appeal of the world’s bunld
ings well into the next century.2 .

-

Energy and Architecture
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In, this age of standardized buildings and mechanical heating
and cooling systems, it is easy to forget that passive solar design
was once the norm. In somie parts of the world, it still is. “Built
without the aid of architects or engineers, many traditional
buildings make clever use of sunlight and natural convection
for heating and cooling. Over 2,000 years ago Socrates 6b-"
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served that “in houses that look toward the south, the sun
penetrates the portico in winter, while in summer the path of
the sun is right over our heads and above the roof so there is

shade.”3 This basic idea—that the sun describes a lower and .

more southerly arc in winter than in summer (2 more northerly
one in the soythern hemisphere)—is applicable everywhere but
near.thﬁ:tor. Two to three times more sunlight strikes a
south-faking wall in winter than in summer, making it the
logical side for windows.

As Ken Butti and John Perlin point out in their history of
solar architecture, A Golden Thread, the Greeks were among
the earliest passive solar designers. Many of their buildings
were oriented to the south and had thick adobe or stone walls
that kept Jut the summer heat. Passive solar heating was also
employed by the Romans. By the fourth century A.p., the
pressure of firewood scarcity had become a strong incentive for
solar heating, and Roman architects slowly adapted solar de-
sign to the various conditions found throughout the Roman
Empire. Access to the sun was actually made a legal right under
the Justinian Code of Law adopted in the sixth century a.p.4

In other cultures other climate-sensitive building styles pre-
vailed. Most homes in ancient China were built on the north
side of courtyards, facing south, and sunlight was admitted
" through wood lattice windows and rice paper. Even today,
millions of passive solar houses are found throughout northern
China. The Anasazi people of the American Southwest lived
in mud or stone buildings constructed against overhanging
cliffs that faced south. Solar-heated in the winter and shaded
in the summer, these earth-sheltered dwellings were built with-
out benefit of modern building materials or theories. In north-
ern Spain many apartment buildings built in the nineteenth
century have glass-enclosed south-facing balconies called gal-
eras that provide effective solar heating™>—~

The world over, traditional architecture also incorporates
simple passive cooling techniques. Throughout tropical Asia

&
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and South America, open-sided pole and thatch buildings allow

ample ventilation and protection from the heat. Thatch, which
rivals fiberglass as an insulator, is also found atop mud and
straw buildings in sub-Saharan Africa. For thousands of years
in Moslem Asia, cooling towers hawebeen used to draw air ifito
buildings, providing ventilation and relief from the hot sum-
mer climate.6 .

Since the onset of the Industrial Revolution and the urbar
migration that accompanied it, many traditional architectural
forms have been abandoned. Climate-sensitive building de-
signs were not easily adapted to cities, and standardized ar-

chitectural styles took over as the need for low-cost housing -

"grew. Architect Richard Stein writes that “during the 1920s
many of the most prophetic and influential architects projected
the form of the future as being freed from the rigorous de-
mands of climate and orientation.””

This revolt against nature combined with growing popula-
tions more than tripled the fuel requirements of buildings
worldwide between 1950 and 1980. New buildings use much
more energy per square foot than those of the past since they
have energy-intensive central heating and air-conditioning sys-
tems. Furthermore, only half the residential buildings in

~ Europe, for instance, have any insulation at all, and storm
windows are a rarity. In the United States close to ane-third

of the residential housing stock is uninsulated, and another 50
percent is underinsulated. The buildings in many countries,
particularly the homes of the poor, are loosely constructed and
“Jeaky”: Cracks around windows and in walls and attics let too
much heat out and in.8 -

" Turning our backs on climate-sensitive design and construc-
tion techniques has proved costly. Consider the typical modern
office building. With glass fagades and mechanical “climate-
control” systems in use every day of the year, its energy appe-
tite is enormous. Commonly, a quarter of an acre of lights must
be turned on to illuminate a few square feet surrounding a desk.
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In private houses and apartments the rapid spread of air condi-
tioning has upped energy use more than any other factor in
recent years. Together, residential and commercial buildings
account for between 20 and 40 percent of national energy use
in most industrial countries. (See Table 3. 1.) Of this energy,
approximately four-fifths is used to heat, cool, and light build-
ings and the rest runs water heaters and other appliances.?
\

Table 3. 1. Energy Use in Residential and Commercial Sectors in
Selected Industrial Countries, 1978

Residential
Restdential Share of and commercial
and commercial  total national ~ energy use
Country energy use energy use per person
(million barrels of " (percent) (barrels of oil

oil equivalent) equivalent)
United States 3256 33 14.8
*Canada 338 33 143
Sweden 96 : 38 -115
Netherlands 154 39 11.0
West Germany " 81 39 9.5
France 375 35 7.0
United Kingdom 331 31 . 6o
Italy 235 30 41
Japan 419 21 3.6

Source Orgamisation for Economic Co-operation and Development, Energy Balances
of OECD Countries

5

Fuel use per person in homes and commercial buildings is
nearly twice as high in the U.S. and Canada as in most of
Europe, European cities are laid out more compactly, and
Europeans prefer to keep their buildings relatively warmer in
summer and cooler in winter. The industrial country with the
best record is Japan. There, per capita fuel use in buildings is
only one-quarter of the U.S. level, because most Japanese build-
ings are compact and few have central heating. Even in north-
erly Sweden, the fuel requirements of buildings are 25 percent

.
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lower than in North America. With traditionally higher fuel
prices and lower per capita incomes, Europeans and Japanese
treated energy use in buildings less nonchalantly than did
North Americans. Cl

Few such generalizations hold with regard to the Third
" World. The developing nations located in the humid tropics
have traditionally relied entirely on the sun for heating and on
natural ventilation for cooling. In more temperate developing
countries in Central Asia and Latin America, firewood and
charcoal have been the heating fuels of choice. However, in the
last decade Western-style office and residential buildings have -
sprung up in the developing world’s cities. Flagrantly climate-
insensitive, most of the new buildings require electricity-hun-
gry mechanical cooling systems designed in the West. Since
many developing countries lack both engineers and the spare
parts needed to keep the systems running, the air conditioning
systems are often broken down and the buildings stifling hot.
So far, the heating, cooling, and lighting of buildings account
for less than 10 percent of the energy used in most developing
nations, but a major future challenge will be to improve the
miserable housing conditions without compounding an already
severe energy problem.10 ]

Awareness of the energy problems of buildings has, of
course, blossomed since 1973. Surveys indicate that energy has
become a primary concern to most homebuyers, and residential ,
energy-conservation measures are becoming popular the world
over. Newly energy-conscious Americans brought the rate of
growth in energy use in the U.S. residential and commercial
sectors dewn from 5 percent annually in the sixties to less than
2 percent in the late seventies and early eighties. Energy use
in buildings is now increasing at only 1 percent annually in
West Germany, while it has leveled off in Great Britaip and
fallen slightly in Sweden.11 L o

The fuel savings so far achieved in buildings must be kept
in perspective, however. They have been quite modest, deriv-
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> .
ing mainly from simple conservation improvements such as the
addition of insulation, and they come at a time when building
owners and renters throughout the world are being hit hard by
high fuel prices. Worse, these energy savings have not yet
helped the poor much. Iy 1979 the Tennessee Valley Author-
ity reported that one of its Customers paid her electric bill with

a Social Security check¥and walked out to face the month of |

February with less than $30,” a situation that has become all
too common in many parts of the world.12 Even commercial
building owners are hard-pressed to make ends meet. Electric-
ity bills now constitute the biggest operating expense in most
large structures, and they have helped boost rents at a record
pace. . .

Climate-Sensitive Design

Fortunately, the options now available for lowering the fuel
requirements of buildings go well beyond simple conservation
measures. The field of architecture Kas been turned inside out
in the last several years as everything from office towers to
mobile homes has been redesigned for a new era According to

R. Randall Vosbeck, ptesident of the American Institute of -

Architects, “Energy will rank with the elevator and the ma-
sonty arch as having a major influence on architecture. . . 13
Behind modern passive solar heating are glass and plastics

These substances readily transmit sunlight but infbede thermal
radiation—in effect, trapping heat in the building. Known as,

the “greenhouse effect,” this phenomenon,is familiar to any-
one who has left a car in the sun on é’éggr day and returned
to find it overheated. In.its $implest form passive solar heating
consists of placing most of a building’s windows on its sunny

side because windows on the east and west tend to lose more:

- heat than they gain in winter and “because théy can cause
overhieating problems in the summer. Taking passive solar ar-
chitecture one step farther, many architects now ‘design build-

v
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.ings that are c]ongated on an east-west axis so that the area

available for “solar gain” on the sunny side is maximized.
Properly siting a solar building is almost as important as the
design itself since correct positioning helps assure access to the
winter sun and protection from cold winds 4

The first modern solar house was bujlt in Chicago in the
thirties. From the dutside, it looked conventional enough. But
it was carefully sited td*take full advantage of the sun, and it
had a large expanse of window on the south side. Similar
expenmenta] buildings were constructed over the next two
decades attracting oonsiderable attention and corvincing
somé onlookers that a new physical principle had been har-

nessed. Business Week suggested in 1940 that the Chicago .

house rivaled the newly discovered Middle East oil reserves as
the “newest threat to domestic fuels.”1

As solar architectural research proceeded it became clear
that retarding heat loss was as essential as admitting sunlight.
The walls, roofs, dnd windows of conventional houses lose heat
rapidly during cold weather through radiation and convection.
. When heated only by the sun, such houses cool rapidly after

dark. In comparison, solar houses developed more recently in

Europe and North America have included more thamtwice as
much wall and attic insulation as conventional dwellings have.
Most windows are double- or triple-glazed, and the use of
vestibules prevents the Joss of warm air when someone opens
a door. These buildings are also tightly constructed—impor-
tant since in copjventional buildings up to half of all heat loss
occurs thro;lg}yd‘:rect infiltration of cold air.

Also integrdl to the success of a passive solar building is heat
storage. Built of materials that hold heat well, a building can
remain warm even after a day or two of cold, cloudy weather.
Such traditional building materials as brick, concrete, adobe,
and stone all serve as “thermal mass,” greatly reducing temper-
* ature fluctuations. Thermal storage materials are typically in-
corporated in fireplaces, -walls, or floors, Though somewhat

¢
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difficult to use in a building, water is one of the best materials
for storing warmthi, Sometimes used in “water walls,” it can
_also be used in fish-pond heat storage. Researchers at the New
Alchemy Institute in Massachusetts maintain that aquaculture
tanks located inside a greenhouse can pay for themselves in
heat-storing capacity alone.1¢ :
> Besides providing heat during the winter, successful climate-
- sensitive buildings are also cool in summer. Fortunately, the
same high-grade insulation and thermal storage that retdin heat
in winter help keep a building cool in warm weather. Cooling-
only passive features include shades that protect south-facing
windows from the high summer sun and ventilation systems
that keep air moving continuously through a building. Decidu- |
ous vegetation is ideal for protecting a house from the summer |
sun only and can keep the “microclimate” several degrees. |
cooler than surrounding areas. o
One of the more ingenious solar designs—the Trombe wall ‘
—involves using a thermal-storage wall placed several centime-
ters inside a large expanse of glass on a building’s south side.
The wall, usually constructed of masonry, is painted a dark
color. to absorb heat from the sun during daylight hours, The
wall then radiates the collected heat to the rest of the house
for many hours after sundown. Extremely effective and versa-
tile, the Trombe wall has in recent years been used in every-
thing from office buildings in the United States to peasant huts
in Ladakh, India. The Trombe wall and its variations have just
one main drawback. Considerable heat is lost through radiation
via nearby glass. Special thermal shades that are closed at night
. are needed.in cold climates.}7
A related but distinct method of passive solar heating is the
use of a greenhouse or “sunspage”” on g building’s south side.
An attached greenhouse serves as a natural solar collector that
can easily be closed off from the rest of the building at night,
and it can extend the gardening season as well as provide heat.
. As with other passive solar systems, the importance of double



“ Renewable Energy

or triple glass, tight construction, thermal mass, summer shad-
ing, and ventilation is clear. Well-designed and properly sited,
a greenhouse can supply more than half a building’s heat in
sunny climates.

Some solar designers, particularly those in Israel and %e
United States, are catching the sun by moving under ground
—which only seems like a contradiction. In earth-sheltered
buildings, earth serves as a natural insulator. If a building is
exposed to inclement weather only on the sunny side, it can
effectively collect ard store the sun’s heat. Earth-topped roofs
also provide natural evaporative cooling in the summer, an
important advantage. Still unclear, though, is whether earth-
sheltered buildings can be built cheaply and whether they can
overcome their undesetved reputation for gloominess. Right _
now building under ground costs 25 to 50 percent more than
it does above ground, but some builders are convinced that the
cost can be reduced substantially.18,

Other types of passive solar buildings are also springing up,
the fond labors of enterprising architects. A house developed

_by Harold Hay in California uses an enclosed pool of water on
the roof for heat collection and radiative coolmg Another
interesting concept, developed independently in Califomia °
and in Norway, is the double-envelope house. It incorporates
a greenhouse ‘on the south side and a continuous air. space
runining through the roof, north wall, and basement to supply
heated air throughout the building. Both the roof pond design
and the double-envelope house have fared wéll in the custom-
built market, but their broad economic appeal remains to be

* determined.1?

Some Canddians and northern Europeans are 'taking qunte
a different, tack n designing climate-sensitive buildings. Since
the sun in these climates makes dnly ‘brief appearances at

" _midwinter, a solar house designed for sunny conditions would

" be a cold house in Canada or northern Europe. Architects
there are thus designing superinsulated, very tightly con-
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structed houses with relatively few windows. Typically, a “low-

energy-house” features an air-to-air heat exchanger—a small
unit resembling an air conditioner that ventilates the building

but prevents heat loss. Its use keeps the arr from getting stale

OF even unhealthy as pollytants like crgarette smoke or the
radon feund in concrete slowly accumulate. Pioneered primar-
" ily in Austria, Ganada, Denmark, and Sweden, these prototypi-

cal homes have performed impressively so far. The Saskatche-

wan Conservation House in Canada, for example, uses go
percent less energy than does a well-constructed conventional
"home,30
Even more challengmg is the development of passive solar
designs for climates where cooling is needed. Passive cooling
research has been relatively neglected, though Australia, Israel,
and the United States have made promising gains. Evaporative
coolers have proved effective in hot, dry climates, and designs
that enhance air flow help greatly in most areas. Also essential
to- comfort in warm weather is insulation and a means of
shading building surfaces from the sun. Jeffrey Cook, professor
of architecture at Arizona State University, notes that “of all.
the coolmg strategies, heat avoidance prov ides the most for the”
"least.” In most climates such measures can reduce fuel teguire- .
ments for cooling greatly 21 v
- Further research in passive cooling will have to meet.the
drfﬁcult challenge of designing buildings for hot, humid cli-
mates where evaporative coolers do not function well and
dehumidification is essgntial, for comfort. Japanese and Ameri-
can researchers are working on passive dehumidifiers .using
desiccants, but such efforts are preliminary at best.22 Active
“solar ait conditioners may turn out to be one answer to this

sticky problem. Another is to lower air conditioning needs as i

much as possible via careful design and use smaller, less expen-
sive electrrc or gas- powered arr condrtroners on the muggiest
days.

The cooling needs of the poor majotity in the Third World ~ .

“«
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have received even less attention. Hundreds of millions now
live in warm, humid climates without benefit or hope of getting
. air conditioning. In many developing countries past efforts to
upgrade traditional. housing actually made the structures less
livable. The tin roof that has spread throughout much of
Africa, for instance, is inexpensive and long-lasting, but it is less
effective than a thatch roof in combating heat buildup. Minor
design changes to encourage ventilation and the use of locally
available insulating materials could greatly improve comfort.
Furthermore, such changes could be implemented by the
buildings’ owners, who in developing countries tend to do 4
much of their own construction.. Additional work on this prob-
lem is badly needed, preferably at the village level so that the
techniques developed make use of local resources and meet
local needs.23
One of the beauties of passive solar deSlgn is diversity. Al-
though the basic principles are simple, they can be applied in
a great number of ways. In solar architecture constant innova-
tion is the rule. Darian Diachok, who i in 1980 conducted an
international solar architectural survey, notes: “Passive re-
search is taking on a distinctly regional flavor. Individual coun-
tries are now.making major strides in developing buildings that
are economical in their climates.”24
While some architecture critics describe solar buildings as
dull or gimmicky, the inherent limitations of solar design are
less in question here than the creativity of architects and the
preferences of homebuyers. Whether a solar house is conven-
tional or breathtaking depends on the designer. Some ar-
chitects are already looking forward to a time when buildings
.include solar features as matter-of-factly as buildings today
have plumbing and electric wiring. One day solar buildings
may ' be as diverse as architecture itself.25
Flexibility has become the watchword for designers inter-
ested in cost-effective solar buildings, From a financial view-
point, relying exclusively on just one design principle is unlikely

¥
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consistently to yield the “right answer. Douglas Balcomb of
the Los Alamos Scientific Laboratory, a leading expert in the
perf@'mance of passive solar systems, has found that a mix of
passive solar and conservation methods usually represents the
best economic bet. Based on data from a house in Kansas,
Balcomb’s analysis suggests that a nearly equal investment in
conservation and passive solar measures yields the lowest total
,S: over a building’s life.26 ~

n important aspect of this flexible approach to design is
that passive systems need not be 100 percent passive. In many
cases some form of auxiliary heating system makes sense. Just
how big the system needs to be depends on the climate and
the local fuel costs. And in many cases adding such “active”
features as a fan that moves heated or cooled air to other parts
of a building can make climate-sensitive buildings more effec-
tive at only a small additional cost.2?

Off the Drawing Board

The combined work of architects, builders, and engineers over
the last’ decade has laid the foundation for a transition to
climate-sensitive, fuel-conserving buildings. The principles are
simple, the necessary materials readily available, and the build-
ings cost-effective at today’s prices. But the transition will be
gradual and complex all the same. A whole generatign of design
and construction professionals needs to be educated. Solar and
conservation designs must be integrated into mass-produced
and low-cost buildings. And the commercial building industry
needs to shed its laggard’s reputation.

Solar design is just beginning to enter the architectural
mainsteam. Until recently, heating, cooling, and lighting were
the concerns of engineers, not architects. No more. Ih Europe
and America today architectural plans for a custom-designed
solar or low-energy building are not much harder to come by
than those for a conventlonal one. A recent U.S. government
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listing of solar. designers . included over 1,000 firms and in-
dividuals, and the American Institute of Architects has en-
thusiastically embraced climate-sensitive design. Architecture
schools are also taking to solar architecture. For the first time
many are ‘teaching passive solar desigri.28

If solar buildings are éver to become widespread, they must

. be accepted by builders as well as architects. In the United
" States several hundred thousand builders, subcontractors, and
suppliers erect more than 1 million single-family homes, apart-
ments, and commercial buildings each year. Most are “tract”
homes built as part of large suburban developments, and only
10 percent are custom-designed by architects. These builders
have large investments at stake, and they are very sensitive to
the fears of the sizable number of people who until recently saw
solar buildings as unconventional and costly.?° i

In truth, most passive solar buildings are an’ economic bar-
gain. Consistently, financial analyses show that well-thought-
out passive solar features quickly pay for themselves in reduced
fuel costs. After that, they in effect produce wealth for the
occupants, yielding a lower “life-cycle” cost than a conven-
tional building would. The owners of climatesensitive build-
ings are their most fervent boosters, making frequent refer-
ences to the fact that only a half a cord of wood or a couple
of nights of electric heat was needed to weather a particularly
frigid winter. The fuel'bills of these buildings are usually ridicu-
lously low—witness the figures compiled for the Saskatchewan
Conservation House and Village House I, a passive solar home
built in New Mexico. (See Table 3. 2.)3°

A useful rule of thumb is that for a 10 percent higher initial
cost, climate-sensitive designs can reduce fuel bills by a full 8o
percent.3! A south-facing window costs no more than one that
faces north, and a concrete floor that can store heat costs about
as much as a wooden one. Options such as using two-by-six
inch wall studs rather than two-by-fours to allow space for extr4
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Table 3. 3. Annual Heating Cpats According to Different Building |

Standards® . |

Structure or standard ' Annual cost
) (1980 dollars)
U.S. average house, 1978 - 680
U.S. building standards, 1978 360
Sivedish building code, 1977 . 230 ¥
California building code, 1979 220
Saskatchewan Conservation House 20
Village House 1, passive solar 15
*Assumes similarly sized houses using oil heat in a similar climate. . )
Source: A. H. Rosenfeld, Building Energy Use Compilation and Analysis. -

A :
insulation or employing triple-glazed windows or night shades
add only marginally to building costs. Other design possibilities

_—extensive glazing, a Trombe wall, or a large amount of ther-
mal storage matérial-—can be quite expensive. But most can be |
sound investments nonetheless. In many cases the additional |
cost of solar design features is offset by immediate savings
because large air conditioners or central heating systems are
not needed. .

The day when only “chics or freaks” lived in passive solar
houses is now ending as builders warm to the new designs and
further lower costs. In the United States 40 percent of builders
are now building at least some passive solar houses, a clear
indication that the designs are entering the mainstream of the
housing market. There were an estimated 6o,000 to 80,000
full-fledged passive solar houses up already in the U.S. in 1982,
and 11 percent of new housing starts incorporate some passive
solar features. All of this has occurred amidst a record-breaking
slump in the construction industry, and a passive solar boom
may occur as the recession ends. No other country has moved
so quickly to change its building styles, although it appears that

-~
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several Eui'opean countries may be following a_similar learning
curve. Passive solar homes are becoming popular in West Ger-

many, while in Scandinavia low-energy houses are finding a -

place in the coop-dominated housing market. France is a few
years behind, but since 1980 there has been an explosiot of
interest among architects there.32

An emerging frontier in passive solar architecture is incor-
porating climate-sensitive features into apartments, offices, and
other high-density urban developments. These present unique
design problems: Their occupants and appliances often have a
larger impact on the building’s temperature than do outside
weather conditions, and lighting and cooling usually use more

energy than does heating. Typically, both heating and cooling .

doors are strolling in shirt-sleeves in ideal weather.33
~Many architects are now developing appropriate solar de-
signs for large buildings. “Passive daylighting,” as engineer
Douglas Bulleit notes, “is becoming the champion of passive
design techniques.” Another design challenge is integrating
the new passive solar features with buildings’ mechanical sys-
tems, which in most cases cannot be eliminated entirely. Ac-
cording to architect George E. Way, a leader in this field, “we
design to provide comfort and lighting in a passive way for at
least 50 percent [of the energy load] and then use the mechani-
cal systems to handle only the extremes.” Recently developed
microelectronics-based control systemis are a big help since
they automatically adjust artificial lighting according to the
availability of natural light and enable heating and cooling
systems to take maximum advantage of both indoor and out-
door weather conditions. The U.S. corporate giant IBM has
taken climate-sensitive design to heart and is building skyscrap-
ers in several parts of the country that use half as mugenergy
as conventional buildings do.34
Along with mammoth buildings, old buildings also present
a trying energy challenge. Only.1 percent of most nations’

systems in such b%ildings are operating even while people out-

#
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bunldmgs are torn down each year, and annual construction
accounts on average for 2 to 3 percent of the building stock.3
So even if all the homes and commercial structures built be-
tween now and the year 2000 were solar buildings, not quite
one-third of the total stock at the turn of the century would
be solar. Obviously something must be done with the buildings
we have.

Most of the impressive energy savings achieved in existing.

buildings so far have come from simple conservation measures
rather than from “solarlzmg Adding passive solar features to
an existing house is more complicated and expensive than
working with a new structure, but passive solar “retrofits” do
make sense in many situations. In the United States such
retrofits have become one of the most popular forms of home

. improvement. The most common passive solar retrofit is a solar

greenhouse. Such greenhouses can be attached to the south
side of a building without replacing existing walls, thought it
often makes sense to vent the walls and add a fan to circulate
the captured heat. Since a number of firms now market prefab-
ricated solar greenhouses, it is possible to “solarize” a house for
a few thousand dollars.36

Other types of passive retrofits are also wise buys in many

" cases. A Trombe wall can be created by glazing the outside of

a south-facing masonry wall. Adding clerestory windows to the
roof to admit more sunlight is easy and effective under some

conditions. Many older schools, factories, and warehouses in

the northeastern United States have unmsulated south-facing
brick walls that would make ideal Trombe walls. Another popu-
lar low-cost strategy for existing buildings is the use of fan-
driven, air-filled solar collectors mounted on the ground on a
building’s sunny side. Although not technically “passive,”
these are very simple devices that usefully complement a cli-
mate-sensitive design. In the cold, impoverished San Luis Val-
ley in Colorado, hundreds have been built, bringing solar heat-
ing to people with incomes below the poverty line.?

b5
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New Policies for New Buildings

Climate-sensitive architecture has a strong foothold after just
one decade’s progress Most impractical designs have been
‘weeded out, the esonomic promise of the better designs has
been proven, and homebuyers’ and developers’ interest is ris-
ing. But economic, political, and institutional hurdles stand in
the way of a true architectural revolution. The world’s building
industries, ever conservative, have been in recent years under
considerable financial pressure too. More important, builders
do not pay the fuel bills of the houses they construct, so unless
governments and potential* buyers encourage them to build
solar homes, the transitionr could be slow.

Until recently, governments have done little to help climate-
sensitive architecture, and they have tended to favor active
solar technologies when allpcating research funds or.providing
tax incentives. In the United States some consumers choose
more expensive active solar systems rather than passive systems
simply to take advantage of the tax breaks for solar collectors.
While active systems clearly deserve market support, even
greater fuel savings would result if similar amounts of money
were invested in promoting the use of passive solar design.

Some governments have taken the passive cause to heart,
however. Canada, China, Denmark, France, the United
States, and West Germany have started small but growing
passive solar research programs since the mid-seventies. They
include a variety of research and demonstration projects. But
more is needed. If climate-sensitive design is to take hold,
governments will have to work with the building industry—
clearly the main vehicle of the solar transition. In some nations
passive solar design competitions have been used to spur the
private sector’s interest. In France a small village of solar
homes—Nandy—built in 1981 as part of a design competition
triggered interest among French architects and builders. In the
United States the Sqlar Energy Research Institute gave funds
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to Colorado developers to hire architects to design passive solar
homes to add to their list of models. Some excellent designs
came of this program. So did a regional solar building boom.38

Educational programs for consumers, builders, real estate
agents, and others are proving very successful at erasing some
of the myths surrounding passive solar buildings and so speed-
ing their acceptance. This is an area where trade associations,
community groups, and local governments probably have the
largest role to play. In the United States groups such’as the
ational Association of Home Builders and the Home Im-

uncil have quickly gone from being skeptics to

astically sponsoring the workshops and newsletters that
have helped launch solar buildings.3?
A complementary approach is to label the fuel requirements
of buildings for sale. Expected fuel use and price could be
noted along with the likely life-cycle cost of the building.
Buyers could thus compare the efficiency of different buildings.
Already the fuel bills of solar homes are displayed during real
estate transactions in some parts of the U.S,, a practice that
local governments may want to require 40

Financial incentives are probably most likely to send passive
solar building on its way. Many climate-sensitive design innova-
tions require a slightly higher initial investment than that for
a conventional building. No matter how cost-effective these
changes ultimately are, builders who are under immense pres-
sure these days to cut initial costs to bare bones levels tend to
shy away. Both builders and owners can have trouble getting
loans to pay the extra costs, due to high interest rates and the
fact that most bankers are still unfamiliar with climate-sensi-
tive design. S | :

Educating the financial community about the common
sense and cost-effectiveness of energy-saving buildings is one
key to solar architecture’s future. To assess a homeowner’s
mortgage-paying ability, loan officers need to know that passive
solar buildings have negligible_fuel bills so their owners have
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more incomne available to repay a loan. The San Diego Savings
and Loan Association in California is one of several U.S. banks
that offer slightly reduced interest rates on passive solar houses.
This program brings monthly payments below what they would
be for a conventional home, adding to the homeowner’s savings
from reduced fuel costs. Similarly, the Hanover Insurance
Company in the United States has offered a 10 percent dis-
count on homeowner insurance rates for passive solar homes—
in recognition of the fact that they are less prone to destruction
by fire.41

Tax incentives also encourage energy-saving homes. In
much of Europe, Japan, and the United States, thére are now
tax credits for solar collectors. Conservation improvements are
also eligible for tax credits in many nations. Unfortunately,
passive solar design seldom qualifies taxpayers for these be-
nefits. Because passive features also serve nonenergy functions,
most governments do not allow individuals to write them off
as energy investments.

To get around this serious shortcommg——whlch works
against some of the most cost-effective means of reducing
buildings’ fuel needs—many U.S. states added to the tax code
detailed standards for deterinining what constitutes a fuel-
saving measure. Another approach that is being considered by
the U.S. Congress is simply to give buildérs of climate-sensitive
buildings a tax break of up to $2,000 for each energy-efhcient
building constructed, depending on the building’s perform-
ance .42

Luckily, government progrims to encourage climate-sensi-
tive building need play only a limited, transitional role. Tax
incentives and information packages that persuade builders to
take climate-sensitive architecture seriously will become un-
necessary as passive buildings soon start selling themselves. It
may be that the entire package of government programs—
including financial incentives and demonstration projects—
can be phased out after only a decade, the job completed.
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Building for the Future - .

W orldwide, there are now ove 100,000 passive solar buildings,
over half of them in the U.S., and rapid grawth is continuing.
The U.S. Department of Energy s goal is to have a half million
climate-sensitive buildings standing by 1986, and the National
Association of Home Builders expects to see passive solar sys-
tems in 30 percent of all new houses by the year 2000.43 And
even these are arguably conservative figures. Based on current
growth rates, a reasonable worldwide target is to have 10 mil-
lion passive solar buildings in place by 1990 and between 50
and 100 million by 2000. By the end of the century most
courgtries should aim to use energy saving designs in all new
buildings.

Unforfunately, measuring the precise energy contribution of
climate-sensitive design is difficult. Sinice a solar building does
not produce a fuel that can be measured by a meter, it makes
more sense to calculate the amount 6f additional heating and
coohng fue.&,that would have been-used by a comparable con-
ventional building. Yet conservation and solar technologies are
~ fused so tightly in a good climate-sensitive building that solar
collection gains and conservation gains are hard to distinguish.

Even without the benefit of precise measures, it can be
estimated that constructing new passive solar buildings will
save at least half of the fuel currently used to heat and cool .
similar structures. If a Baltimore house’s energy use‘is taken as
. the average, that means that 10 million solar buildings in 1990
would in effect yield 0.7 exajoules of energy or enough.to run
all of the cars in Canada for over six months. Fifty to 100
million passive solar buildings by the cenfury’s ené\\;vould yield
3.7 to 7.3 exajoules or 6 to 12 percent of the energy currently
used to heat, cool, and light the world’s buildings. Together,
climate-sensitive design for new buildings and conservation
measures for existing structures should reduce the fuel needs
of the world’s buildings by 25 percent by the turn of the

6«
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century, despite substantial growth in the housing stock.+4

The potential of passive solar architecture is no longer in
doubt. Nor are the benefits of more rational design and cop-
struction for people at all income levels and in all climates. We
can learn something from the architecture of the ancients. As
one solar designer recently observed, “Our buildings would be
more beautiful if they responded to energy concerns and had
a more natural configuration.”45 / . d
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Tl:e idea of harnessing the sun’s heat and light has for centu-
ries inflamed the human imagination. Besides employing vari-
ous passive solar architectural techniques, the ancient Greeks,
Romans, and Chinese from the second century B.C. on experi-
mented with- “burning mirrors” that could concentrate the
sun’s rays onto an object and make it burst into flames. The .
Greeks used their knowledge of geometry to build sophis-
ticated parabolic dish concentrators. To conserve scarce and
expensive firewood, the Romans heated their public baths by
running water over sun-exposed black tiles. Yet burning mirrors

7/~ "amd solar water heating largely remained objects of scientific
curiosity-Tather than of widespread practical use.!

»
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The technology used today to harness the sun’s heat owes
much to the work of the eighteenth-century Swiss scientist
Nicholas de Saussure.” Working with the ingeniously simple
notion that sunlight penetrating glass can be absorbed by a
black surface and trapped as heat, Saussure designed a variety
of heat-trapping boxes—the prototypes for solar collectors that
today heat water, warm buildings, and power machines.?

Active solar technology leapt forward again in the nine-
teenth century when a French scientist, Augustin Mouchot,
modified these simple collectog, to create solar cookers, stills,
. pumps, and steam engines. By.applying his knowledge of glass
heat-trap principles to burning mirror technologies, Mouchot
achieved temperatures high enough to roast food, distill lig-
uids, and boil water. Mouchot’s solar steam engine included a
clock mechanism that moved the collectors to follow the sun’s
course.

Despite the technical success of th&se early solar technolo—
_ gies, the availability of cheaper and more reliable coal- fired

equipment blocked their widespread use. As fossil fuels became
cheaper and more. abundant, furnaces and industrial boilers
grew more advanced. A$ a result solar-thermal devices re-
mained experimental curiosities duung the late nineteenth and
early twentieth cesturies.

ADespite this general eclipse, the simple solar water heater—- '
a collector box and a metal water storage tank painted black
—found a large following early in this century in parts of the
United States, Australia, South Afri€a, and Argentina where
conventional fuels were scarce and expensive and sunlight
abundant. In California several thousand such contraptions
‘were in use until the advent of cheap natural gas in the 1920s.
In the 1930s a solar industry bloomed‘in Florida. By 1941
_ approximately” 60,000 solar hot water heaters-were used, in
Miami, supplying more than half the city’s population with hot
water. But the wartime freeze on civilian copper use crippled .~
the industry, which vanished completely when cheap electric-
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ity generated using oil became available.*

In the meantime, another solar industry flourished in Israel.
In 1940 Ruth Yissar—wife of scientist Levi Yissar—painted an
old tank black and put it out in the sun to warm bath water
Struck by his wife’s common sense, Yissar began developing
solar- heatmg technolog) His company began manufacturing
collectors in 1953 and sold 1,600 units the first year. Between
1953 and 1967 Israeli solar companies built and installed over
60,000 solar water heaters. Cut off early from cheap oil sup-
ples, Israel built a solar industry that is,today a leading exporter
of advanced solar Keating equipment.>

Heating Water and Buildings' -

!

The global increase in ofl prices in 1973 set off a worldwide

boom in solar heating. Oyernight the economics of solar energy
" use were revolutionized. Today momentum is still gathering.

In'Israel, Japan, and parts of the United States, high fossil fuel
and electricity prices, abundant sunlight, and strong govern-
ment support afmed at reducing petroleum imports have
heated up the solar market. While most government attention
has focused on research and development (R&D) programs for
innovative solar technologies, simple systems based on proven
technology account for most of the growth in solar energy use
Indeed, for all the talk about ‘solar energy’s role in the future,
solar’s present role rests on simple technology from the past

Almost all the solar collectors in use today are solar panels
that heat water or buildings. The typical flat-plate collector

consists of a rectangular box with wooden or metal sides, a .

blackened insulated bottom,”a copper absorber plate, and a
cover made of transparent glass or plastic. When operating,

‘water, some other fluid, or air circulates from the panel to a

tank, carrying the sun’s heat to where it is needed Designs
dlﬁer widely in terms of cost, efﬁmenCy, and durability. For
instance, most systems built for use’in extremely cold climates

(3
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feature extra insulation and some means of draining water from
the pipes at night.6

Solar radiation"s intermittent _naturt presents difhculties for
all solar energy systems. Since energy may be required when.
the sun is not shining, it is necessary either 4o store heat from
sunny days or to use a conventional heater as a back-up. While

_storing high-temperature heat is costly and relatively ineffec-
tive, this approach does make sense for water-heating. A well-
insulated, somewhat larger-than-average water heater tank is
usually all that is needed. To store larger quantities of heat;
such technologies as underground tanks filled with heat-absorb- -
ing-rocks can be used, though not always economically.”

The consumer costs of using today’s flat-plate collectors are
determined principally by the costs of materials, laber, trans-
portation, and installation. The materials—glass or plastic. for
the cover, aluminim, wood or steel for the frame; and copper
for the tubes and backing—are widely available, and their costs
are set in markets much larger than that for solar equipment.
Labor typically accounts for more than half the cost of fabricat-
ing collectors. Installation and transportation can easily double

" the cost to the consumer. Proper installation—a key to solar
equipment’s eficient operation—requires skills akin to those in
the plumbing and heating business. Transporting bulky collec-
tors costs so much that local manufacturers have an edge over
distant competitors, and do-it-yourself collector kits have found
a market. (Unfortunately, though, collectors built from kits are
less efficient and less durable thari factory-built collectors, fac-
tors that offset their initial economic appeal.)8

Although solar energy is free,. using it requires investing
relatively large sums. Unlike cpnventlonal energy systems, most
of whose costs are spread out in fuel bills paid over a period of
years, solar systems have high initial costs and minimal operat-
ing expenses. Thus, meaningful economic comparisons'of solar

and conventional systems must take into account the total =
costs of- both systems over time. Although making such “life-

of
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cycle” cost comparisons involves estimating futuré fuel costs
and interest rates, it is the least biased way to judge solar
systems’ economics. Still, when interest rates are high and
future fuel prices uncertain, ¢onsumers and industry pay less
_ attention to life-cycle costs and more to the payback period—
the time it takes fuel savings from a solar collector to pay for
the cost of\the collector. Most consumers insist on a payback
time of less than five years with today’s high interest rates.®

Another déterminarit of solar economics is the cost of alter-
natives, priri¢ipally electricity and natural gas. Solar water heat-
ers can compete with gas, electric, or oil water heaters nearly
everywhere natural gas and electricity price controls are not in
force. Even where price controls are extensive, as they are in
the United States, solar water heaters can still compete in
many areas.10

Overall, about go percent of all fat- plate collectors used
today heat water. For perspective, home hot water use in the
United States takes one-fifth as much energy as the entire
automobile fleet—some 4 percent of the nation’s end-use en-
ergy. In most developmg countries less than s percent of resi-
dential energy is used to heat water, but hot water use is
growing rapidly. Depending on how hot and sunny the region,
today’s solar panels can heat between 30 and 100 percent of
. the water a typical home, busmess school, or hospital uses.1!

Although solar water heaters have a much firmer foothold in
the market, the public tends to equate solar energy with active
space heating. Yet solar space heating systems are still plagued
. by storage problems because_air is typically used instead of
water to transfer heat from the collector to the room and
because larger quantities of heat are involved. Many are also
too large to install in any but new bunldmgs A third drawback
is that their use entails maintenance, weathermg, and freezing
problems commensurate with their size.!2

It is not only for these reasons that the market for active
space heaters is much more limited than the market for hot
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water heaters Quite simply, the demand for space heating is

less widespread than that for hot water. In areas such as the

southern United States, Brazil, and southern Europe, space

heatthg is required only a few weeks a year so solar systems do

not replace enough fuel to become economical. Even in north-

ern areas with cold but cloudless winters, active solar heating

may prove less economical than investments”in cons@rvation,

® passive solar design, or heat pumps since active systems may be
“toob expensive to meet postconservation demand.!3

. The.use of solar panels to heat water and buildings has grown

most rapidly in Israel, Japan, and Califorfiia. Common to all

three areas are a highly educated populace; high energy prices,
and government.support. On a per capita basis, Israel leads the

world in active -solar heating—33 percent of all Isrdeli

households have solar*water heaters, and active solar systems

_ now meet 1 percent of all energy needs. By the mid-eighties,

‘some 6o percent of Israel's households are expectéd to have

solar-heated water—enough fo reduce national electricity con-
sumption by 6 percent.14 ) -

" Israel’s success derives partly from the simplicity and inex-

pensiveness of the technology being used. Typically, the sys-

tems cost $500 and require only $25 worth of supplemental

electric heating per year. In comparison, a gas or electric water”
heater costs about $175 initially and at least $120a year torun,
The combination of mass. production and simple design has”

" kept costs low. .
Second to Israel in per capita use of active solar equipment

is Japan, truly the land of the rising sun. As of late 1982 some
3.6 million houses, or 11 percent of the total in Japan, were
using solar systems, most for heating water. Japanese compa-
nies are now manufacturing over half a million solar hot water
heaters a year, more than any other country. The Japanese
government expects 4.2 million buildings to be solar equipped

" by 1985 and 8 million by 1990.15

In absolute terms, the United States leads the world in using
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active solar cncrgy systems. Between 1974 and 1980, annyal
coltector production has increased twétity tunes (See Figure
4 1. ) Yet a s1gmﬁcant share ofallUS. collector sale,s have been
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low-temperature systems used to heat California’s swimming
pools, so a more meaningful measure of solar activity may be
the increase in the number of solar collector manufacturers
from a few in 1973 to over 500 in 1980. U.S. solar activity
centers in California, where a sunny climate, high conventional
fuel prices, vigorous government support, and broad public
awareness have given rise to a $1 billion a year market.16

Solar technologies are developing a following elsewhere, too.
In Europe France has the most aggressive solar program.
Twenty thousahd water heaters have been installed, and the
government’s ambitious goal is to see half a million in use by
1985. Throughout sunny southern Europe use is growing rap-
idly, and Greece expects to obtain 2 percent of its energy from
active systems by 1985. In Australia 100,000 solar water heat-
ers are in use mainly in western Australia.}?

Among the developing countries, the most rdpidly industri-
alizing nations such as Brazil, India, and South Korea have
demonstrated the keenest interest in active solar technologies.
All three intend to use solar heating to cut down costly oil
imports and to develop export industries. South Korea, for
instance, supports a solar energy research institute, and subsi-
dizes with loans and housing bonds the construction of solar
homes and apartments. Over twenty domestic firms, many
employing technology licensed from firms in industrial coun-
tries, have begun producing and marketing exports. Firms in
Brazil and Mexico are also taking advantage of cheap labor to
pursue similar strategies with strong government backing.18

Solar Energy for Rural Development

Solar heat holds great promise for rural communities in the
Third World. Scattered over relatively large areas, few rural
_populations have access to electricity and fossil fuels at afford-
able prices. Then too, most rural energy needs are for low-
temperature applications such as drying crops, cooking food,
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and pumping water—processes well matched with solar en-
ergy. '

Some simple, easy-to-use technologies could substitute for
firewood in much of the Third World. A wide variety of small
focusing collectors has been used successfully over the last
century to cook food, while the solar “hot-box” or oven—an
insulated box oven with a transparent window on the side
exposed to the sun—has been developed more recently. In

bright sunlight solar cookers rival an open fire for heat, and

solar ovens can keep food warm for hours. Although ultraefh-
cient collapsible reflector units and elaborate high-temperature
ovens have been developed, simple and effective collectors
made of polished metal can be produced for between $10 and
$30 each.!®

Despite these advantages, solar cookers are not the cook’s
choice. They %‘ot work when the sun is not shining, and the
cook must stand¥in the heat when it is. A small solar cooker
industry n India in the fifties and a four-year project to intro-
duce cookers in three Mexican villages during the early seven-
ties both failed because villagers did not take to the unfamiliar
technology. One overriding cultural factor—mealtime—
severely *mits the prospects for solar cookers in many areas,
and no etfort can succeed fully without the involvement of the
women largely responsible for food preparation Still, a recent
effort by a Danish church group to introduce cookers into
Upper Voltan villages did work because the villagers helped

_ adapt the cookers to local needs and conditions And China has

not given up on the cooker. More than 10,000 units are report-

- . edly used there.20

Of all the direct uses of the sun’s heat, crop drying is prob-
ably the most ancient and widespread. Throughout the devel-

oping world, farmers still spread crops on the ground or hang '

them on open-air racks to dry. According to the U N. Food and
Agriculture Organization, 225 million tons of food is dried in
this traditional way. But open-air drying does expose food to

3
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o
dirt, animals, insects, molds, and bad weather—all of which
result in significant crop losses. Thus, reducing postharvest
food loss through the use of closed-cover dryers has become a
critical part of the efforts of many Third World countries to
feed their growing populations.2!

Partly because the gas and electrical dryers widely used in
developed-country agriculture are becoming less economic as
fuel costs rise, probably no active solar application for rural
development is receiving more attention than solar drying.
Many types of solar crop dryers are being tried, most with
success. Simple rice dryers work in Thailand, while more com-
plex grain dryers have been used effectively in Saskatchewan.
But problems remain. Particularly in closed systems designed
for use in colder climates, dust buildup is one. Volume poses
another Because space for collectors is limited, solar dryers are
seldom as cost-effective for drying large volumes of grain in
centralized facilities.22 )

Yet solar dryers are appropriate for on-farm drying. Fine
tuning the technology for this purpose, the Brace Research
Institute of Canada has built corn dryers in Barbados, fish
dryers in Senegal, and lumber dryers in Guatemala. The key
here is the full cooperation of agricultural extension servnces in
disseminatirig information about solar’dryers.23

Solar technology could also help meet critical needs for fresh
water Indeed, an inexpensive method of removing the.salt
from saline water would find almost unlimited application in
agriculture and industry in arid regions, mainly because the
cost of heat plays such a decisive role in shaping the economic
viability of distillation. Among the simplest and easiest to con-
struct solar technologies, solar stills have black bottoms to
evaporate saline water and glass tops to admit the sun and
collect’condensing fresh water. With slight modifications, the
glass or plastic covers of this simple basin-type still can double
as a rain-collection system. As early as 1872, a 4,000-square-
meter solar still was built in Chile’s Los Salinas desert to pro-

.
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vide fresh water for mules. Unfortunately, solar stills would
. have to cover vast areas to provide the quantities of fresh water
industry and agriculture need. In Algeria’s dry clime it would
take one square kilometer of solar stills to produce enough fresh
water to irrigate three square kilometers of cropland.2*

Solar stills do, however, hold considerable potential in iso-
lated rural communities. Where less than 50,000 gallons of
water per day is required, they are the cheapest source of
distilled fresh drinking water. On islands, where fuel costs are
high and fresh water supplies are limited, they are ideals Several
Caribbean, Pacific, and Aegean islands currently employ solar
stills to provide drinking water. The most extensive solar still
usage is in the dry central Asian regions of the Soviet Union
and the interior of Australia where livestock are watered from
solar :stills.25 :

Since solar stills are easily fabricated by low-skilled labor
using locally available materials, their use is particularly appro-
priate in Third World villages. Yet, efforts to adapt solar still
technology for use in such villages has met with mixed results

" todate. In Source Phillipe, a small deforested island off Haiti’s

coast, community support and voluntary labor made a project
work, but in several Indian villages projects failed because
the villagers had grown accustomed to drinking the brack-
ish unhealthy water. Even with community support, outside
financing is typically needed—on ng reason that several aid
groups are exploring the use of cheap plastlc substitutes for
glass.26
Solar water heaters also have a place in rural development.

Fewypoor villages now have the hot water needed to make rural
health clinics and schools sanitary, much less to put to use in
communal showers and lavatories. Still, simple systems made
of inexpensive local materials have praven economically and
technologically appropriate in many developing countries. In
Peru some simple solar water heaters sell for about $12.50 each,
while thirty Chinese factories turned out 50,000 square meters

-
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of solar collectors during 1980, mostly for use in hospltals

Active solar systems can also pump water for irrigation and
h"ousehold use. In many rural areas irrigation pumps are princi-
pal users of electricity. In Califomia the state. water-supply
agency consumes more electricity than any other user. And in
rural India 87 percent of the electricity consumed is used in
water pumps. Increasingly, hopes for raising food production
in poor countries hinge on the greater use of pumped irriga-

n.28

Smce the need for water pumping is typlcally greatest where

nlight is abundant, solar water pumps seem a logical choice.

deed, successful solar thermal pumping systems have been
built using concentrators for large pumps (25 to r50 kw), while
flat-plate collectors work for smaller units (1 to 25 kw). In solar
pumps collector-heated water is used to turn an easy-toobml.
liquid such as freon.into a gas, whose expansion drives
pumps.29

For twenty years the leader in developing solar-powered
irrigation systems has been SOFRETES. This French com-
pany has installed more than thirty-six water-pumping irriga-
tion systems in Africa and Mexico, and it has also begun to
develop solar electric pumping machines. In the United States
the world’s largest solar-powered irrigation system-—a go-horse-
power pump capable of delivering up to 10,000 gallons of
irrigation water per minute—was built in Arizona in 1977.
Several other large systems using trough concentrators are
being built in Israel and the Soviet Union.30 .

Although solar pumps hold promise based on operating ex-
perience, the overall outlook is not encouraging. They are less
efficient than diesel engines, and few are economical. (Capital
costs range gréatly, from $6,000 to $78,000, depending on
size.) Even wherexafossnl fuels are unavailable, solar thermal
pumps compete economically only w1th photovoltaic systems,
whose price is falling steadily.3!
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An Evolvmg Technology

~ Even as current solar technologies catch on, researchers the -

world over are making solar collectors.more versatile by improv-
"ing perfortnance and lowering costs. The use of new glasses and
plastics, in particular, looks to Jmprove the economics of using
conventional solar designs. So too, the development of such
new solar design concepts.as concentrating collectors, evacu-
ated tubes, Fresnel lenses, and solar air conditioners is making
it possible to use solar energy to meet the rapidly growing

demand for industrial process heat and cooling buildings. .

Bewildering in its maltiplicity, all solar research does have at
least one common aim—Ilowering the delivered cost of solar

.

nergy by improving performance, using cheaper. materials, or

nerging storage and collection systems.32

he most visible engineering trend is replacing solar collec-
tors’ corrosion-prone, expensiv{ metal parts with plastics.
Lightweight plastics.cost less to'transport, install, and support.
They do not condM but they can be configured to
compensate for that dréwback and although plastics are made
from fossil fuels, plastics production requires less energy than

* do mining and refining metals. The major challenge in plastics

work is extending longevity since plastics degrade faster in
sunlight than metals do.33
Another materials fnnov ation, the use of plajt} thin-film on

collector surfaces, may revolutionize solar heating technology. -

The new “solar sandwich” collector being develgped at Brook-

" hawen National Laboratories fedtures layers of highly heat-

absorbent plastic films suspended by lightweight steel. With
installed costs of. $5 per square foot and manufacturing costs
as low as $1 per square foot, these films offer strength, durabil-

ity, good performance, and short paybacks. Experiments show _

they may also be able to endure the high temperatures industry
uses.34
The use of “super-glazing”—a, type of glass—could also
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speed solar evolution. A U.S. company, Co;mg Glass Works,
developed a process that minimizes the internal heat loss of
regular glass, and the Solar Energy Research Institute is testing
this glass in solar collect®rs. SERT’s hunch is that this glass may
work better in solar collectors and be easier to handle than glass
ongmally designed for windows.33

_Entirely new collector designs are also emerging. Of the lot,
evacuated tube collectors come closest to widespread commer-
cial application. Resembling fluorescent lightbulbs, the tubes
consist of a blackened air-filled glass cylinder enclosed within
an outer protective cylinder from which the air has been
removed. A yacuum insulates perfectly, so the high winds and
cold weather that reduce flat- plate collector performance do
not affect the tubes. Because air is used as the heat- transfer |
medium, freezing is not a problem eithe. Evacuated tubes can
also deliver heat* at higher temperatures than flat-plate collec-
tors can. Indeed, attaining temperatures of 82°C or, above
(116°C aith reflectors), they can be used in a broad range of
residential and industrial applications. They are also light
weight, versatile (of use in space heafmg, water heating, and
cooling), and easy to mass produce in highly automated facto-

‘ nes 36

Evacuated tubes are, however, fragile and’ easily broken.
Expert opinion on the prospects for this technology is ;harply
divided between promoters and those who question whether
the tubes’ high price and breakage problems undercut their
advantages. Private companies like Philips Electronics of the
Netherlands, General Electric in the United States, §anyo
Electrlc i Japan, have done the most work to deve]op evacu-

. ted tube collectors.

" In industry, .which uses roughly one-third of the energy
consumed in’industrial countries, new solar technology will be
used increasingly. However, that use will constrained by
industry’s need for high temperatures, since the cost-effective-
ness of solar heatmg decreases as the temperature increases.

¥
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While very high temperatures can be obtamed when large
expanses of mirrors reflect sunlight to a small receiver, the
smaller and simpler low- and medium-temperature systems are
For now more cost effective. In the United States 27 percent
of industrial heat use 4s below 287°C, a temperature that can
be met with commercially available solar systems.37 -

“

-Solar technologies for achieving the spectrum of tempers™"

. tures needed by industry are here or on the way. For heating
water and for low-temperature drying, flat-plate collectors
usmg air or water are appropriate. Linear concentrator collec-

tors can best provide low- and medium- temperature industrial

process heat Parabolic troughs that track sunlight 3nd focus it
on a black liquid flowing through a long, narrow pipe or tube
are being marketed by several dozen firms.38 -

, The technology of concentrating collectors is evolving rap- °

ldly Films that preserve reflectiveness, thinner more durable
reflectors, more efficient heat-transfer systems, and cheaper
tracking mechanisms—all are at the forefront of concentrat-
ing=collector design. Research is also focused on substituting
‘plastics and reflective foils for costly metals and on lowering the
weight of concentrating collectors so smallen, cheaper motors
can be used to track the syn. Now handmade, concentrating
collectots will also grow cheaper when mass produced. Recog-

nizing that the market will belong to the. company that first )

“culls enough sales to justify the investmént in automation,

several governments (most notably France, Japan, and Israel),

are heavily subsidizing the concentrating-collector industry.3°

An entirely new type of.concentrating collector tade of
cheap plastic—the Fresnel lens—offers high efficiency at a
modest price. Transparent grooved sheets of plastic that bend

light rays much as prisms do, Fresnel Jenses can concentrate -

sunlight by as much as fifty times. An experimental Fresnel

lens hys achieved temperatures of 550°C, and plastic sheets .

costing only $3 to $4 a square meter have attained tempera-
tures in excess of 300°C. With farm uses in mlndmepart-
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ment of Agnculture scientists projeet a two- to ten-year pay-
back period for these lenses.4 o

Reaching the still higlier temperatures needed to smelt
metal and produce superheated steam requires using ‘‘solar
central receivers” that can concentrate onto a small spot the
sunlight falling on several acres. Temperatures to 750°C-
can be obtained with such receiving towers, which concentrate
the sunlight reflected off hundreds of flat mirrors. Although
- this technology has n en pursued with_industrial users in
mind, a recent studyfound it to be economical i the smelting
industry at present ghergy prices. Looking at the giant Hidalgo
.copper smélter in ew MeTico, a New York engineering and .
architectural firnf fodfd that a multi-million dollar solar system
covering a square mile of desert could displace almost a half
million barrels of oil annually and pay for itself in less than two
years. 4l

To date, the research on solar power towers has em phasized
electricity production. The largest power tower, with a 10-
megawatt capacity, stands in the Mojave Desert in southern
California near the town of Barstow. This plant, knawn as
“Solar One,” relies on 1,818 flat sun-tracking mirrors, each 430
square feet in size, to contentrate sunlight on a central receiver
atop a, 300-foot tower. The Barstow power tower has been -
repeatedly criticized by. U.S. solar energy advocates who ques-
tion the economic feasibility of the technology and who object
to the project’s dominance of the federal government’s solar
tesearch budget. While the by ry priority granted Solar
One mbkes little sense, the tachnology will have application
. both for utilities and industries in desert regions. A southern
California utility is seeking bids\or the construction of a 2,000-
acre, 1oo-ngegawatt power towend?

In \ipdustry, solar energy ptobably [sthe best prospects for
early ahd rapid growth in food progessing. Two-thirds of the
heating needs of this industry arefor heat under 100°C, and

ood processing now takes 10 to 15 percent of all industrial
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energy. Under a U.S. Department of Energy experimental
program, solar technology is being employed for such diverse
tasks as frying potatoes in Oregon, washjng soup cans in Cali-
fornia, processing sugar in Hawaii, and drying soybeans in
Alabama. So far, such experiments have been expensive but
technically sound 43 _

Solar energy also has a place in the oil industry. As now

practiced, enhanced oil recovery involves injecting steam into

wells to loosen highly viscous oil. In California, the world’s
leading producer of heavy oil, it takes one barrel of oil to heat
enoughy steam to extract three additional barrels. Although
oil-fired systems are currently cheaper than solar concentrators,
rising oil prices and pollution from burning heavy unrefined oil
in highly polluted areas are making solar energy increasingly
competitive. When oil-producing countries are forced to turn
to enhanced oil recovery to extract petroleum from their old
or law-quality fields, solar collectors could be extensively em-
ployed.++ ‘

For all its merits, putting solar heating technology to work
in industry has turned up problems. Government-funded in-
dustrial process heat projects, for instance, never achieved ex-
pected efficiencies. Among other things, dust builds up on
concentrators used near polluting factories and pipes freeze
and burst in cold weather. The uneven output of solar systems

. can also pose problems in factories that depend on 4 steady

source of heat. A final difficulty is that of retrofitting some
factories. While none of these problems i$ insurmountable,
businesspeople are not likely to invest heavily in solar technolo-

»

gies until reliable cost and performance data accumulate. How

long solar heating systems will last in real-world operating con-

ditions is another unknown.4*
As for solar air conditioning, it holds particular promise for

displacing the fast-growing use of electricity. Use of the sun’s
heat for cooling is particularly appealing because demand for -

air conditioning is highest where sunlight is most abundant

1
. 1

-

- &7




74 Renewable Energy

Need matches supply, and storage and backup systems are less
critical because periods without sunshing require much less air
conditioning. Already, several distinctly different types of ac-
tive solar air conditioners are commercially a»gnlable One de-
sign marketed by a U.S firm, Zeopower, makes use of a water-
absorbing material called zeolite te provide cooling during the

" day and warmth at night A factory capable of manufacturing

100,000 units a year is being built in Texas, and the, firm hopes
units selling for $12,000 to $20,000 apiece will capture 1 per-
cent of the U.S. market by 1985. An entirely differént deSIgn
is already being marketed by Yazaki of ]apan and Arcla ifn the
United States.46

~ Solar air conditioners are large, techmcally complicated, and
expensive, but so too are the conventional systems solar units

‘must compete against. If these systems can gain commercial

acceptance, an enormous market awaits them. Worldwide, air
conditioning accounts for a large and rapidly growing share of
electricity use. In the United States air conditioning uses 20
percent of all energy expended to heat and cool buildings, In
some tropical developing countries, air conditioning uses more _
than half the electricity produced.4?

t
Sun on the Waters: Solar Ponds and Ocean Thermal
Energy Conversion

Two extremely simple technologies, salt gradient ponds and
ocean thermal energy conversion (OTEC), rely upon abundant
and cheap salt’ water to economically collect and store heat
from the sun Little more than elaborate plumbing systems,
these technologies convert relatively small differences in water
temperature into useable energy. Although they convert only
tiny percentages of the water’s heat, the low cost of the collec-
tors and storage media make these systems economically com-
parable, if not superior, to metal or plastic-based solar collec-'

tors Because solar ponds have low conversion efficiencies,

&g '
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sunhght must be collected over large areas to obtain appreci-
able quantities of energy. However, this is not a significant
constraint to the use of either technology since the preferred
locales—tropical oceans and desert salt flats—are abundant

Salt gradient ponds, or solar ponds as they are known for
short, work by trapping solar heat in very salty waters at the
lower levels of shallow ponds. Since salty water is heavier than
fresh water, the heated water fails to rise and evaporate In-
sulated from heat loss into the air by the water aboveé it, solar
pond water can reach the boiling point, and its energy is availa-
ble throughout the coldest winters. Because the basic materials
of such salt-gradient ponds—water, salt, earthen walls, and
plastic lining—are so cheap and widely available, solar ponds
could be used almost anywhere.48

Solar ponds are being successfully employed in several coun-
tries to generate electricity, desalinate water, and provide heat:
Israel has one solar pond that produces 150 kilowatts of elec-
tncity, and a pond several times that size is being built on the
Dead Sea's shores. If this larger model proves as cost-effective
as expected, Israel plans to build 2,000 megawatts of pond
capacity, enough to meet 20 percent of national energy de-
mand by the year 2000. To convert hot water into electricity,
the Israelis employ Rankine engines containing freon, which
boils at 50°C. Another experimental project, on the Salton Sea
mn arid Southern California, will produce 5 megawatts [f this
pilot plant works as planned, a 6oo-megawatt plant large
enough to provide power for a city of 350,000 may be bunlt
A 2,000-square-meter pond in Alice Springs, Australia, is suc-
cessfully supplying heat and electricity to a restaurant, vine-
yard, and wihery complex.49 ‘

Most solar pond development is being pursued in very sunny
regions with natural salt lakes. But an experimental salt-gradi-
ent pond is heating a municipal swimming pool and a recrea-
tional building in Miamisburg, Ohio, for about as much as it
would cost to by the rfecessary heating oil. At Hampshire

59°
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College in the United States, researchers have laid out a de-
tailed plan to show how Northampton, Massachusetts, a town
of 30,000, could economically meet all of its space- and water-
heating needs from commufiity solar ponds connected to build-
ings by underground pipes. Distributing heat from solar ponds |
to whole neighborhoods in this way appears to cost no more
than using dispersed, household-sized solar water heaters and
¢onsiderably less than using active solar space heaters simply
because the storage and the collection systems are one in the
same.>0 '

Few insurmountable barriers stand in the way of the large-
scale use of solar ponds. Desert salt lakes have virtually no other
development value, and land requirements are reasonable: Salt
ponds can be used everywhere except densely populated center
cities (Northampton, for example, could meet all its needs by
turning just 1.8 percent of its land area into solar ponds.) As
long as liners are used to prevent salt water intrusion into land
or water tables, solar ponds are alsayenvironmentally benign.
Surprisingly, the solar ponds being built at the Salton Sea will
actually reduce the salt build-up now threatening fish life.5?’

The sun’s energy can also be tapped from natural bodies of
salt water by a technology known as ocean thermal energy
conveision (OTEC). The earth’s oceans absorb vast amounts
of sunlight, most of which is radiated back into the atmosphere
or dissipated as currents. Yet a small fraction of this heat—in
absolute terms, several times total human energy use—can be
hamessed in areas of 'the ocean where the temperature differ-
ence between warm watef and cooler water 1,000 meters below

. is at least 18‘C 52

OTEC plants operate like a common household refrlgerator,
only in reverse. Heat from the warm surface water first evapo-
rates a working ﬂund usually ammonia. The ammonia vapor
drives a turbine attached to an electric generator and is then
condensed by cold water brought up from the deep sea. Virtu-
ally all'the ocean area within the tropics has a sufficient temper-

9y
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ature gradient to tap with OTEC. Altogether some sixty-two
countries, most of them Third World nations, have national or
territorial waters capable of supporting an OTEC plant. Ob-
taining sighificant quantities of energy from OTEC plants will,
however, be a herculean undertaking. A 250-megawatt plant

would use a pipe 30 meters in diameter through which would ~

flow a volume of water comparable to the Mississippi River.53

Although OTEC is simple in principle, several basic prob-
lems cast doubt on the practicality of the technology. Corro-
sion of pipes from salt water, growth of algae and barnacles on
heat exchangers, and tropical storms all pose major, as yet
unsohved, engineering hurdles. Aluminum pipes that last no
more than ffteen years in salt water could be replaced with
titanium, but at prohibitive cost. Colonizing se3 organisms
must be scraped off heat exchangers of experimental OTEC
plants once a week, imposing potentially significant mainte-
nance costs The tropical seas with the highest thermal gradr-
ents are peniodically swept by devastating hurricanes and ty-
phoons generating hundred-mile-per-hour winds and
thirty-foot waves The first OTEC systeri was sunk by a hurri-
cane off Cuba in 1922, setting the technology back a half
century So great are the engineering challenges to stabilizing
a thousand-meter pipe in rough seas that several experts believe
that OQTEC will be feasible only where the pipes can be se-
curely fastened to sloping ocean floors.>4

Despite these obstagles, OTEC has strong supporters. A
panel of OTEC -expertsjassembled in 1981 for the UN Confer-
ence on New and Renetvable Sources of Energy estimated that
10,000 megawatts of OTEC capacity would be built by the
year 2000, a projection not likely to be realized. The principal
OTEC researchers, Japan and the United States, have both
spent more. than $100 million on OTEC research. The first

U.S. OTEC unit, built on a barge off the island of Hawaii, was

ruined in 1981 when its piping was torn away by strong ocean

currents Japan has assisted the Pacific island nation of Nauru

)
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in building 4 100-kilowatt facility firmly anchored on the s¢a-
bed. One result of this project is to dramatically alter the
surrounding aquatic environment by bringing the nutrient-rich
subsurface water to the clear nutrient-starved surface waters.
The resulting luxuriant plant and fish life is seen by environ-
mentalists as a serious disruption of coral reef ecosystems but
by OTEC advocates as a major side-benefit to energy produc-
tion. Indeed, elaborate designs for giant open-ocean OTEC
plants envision using the energy to process and refrigerate fish
- that are caught in the area.’>' | " '

Because solar ponds and OTEC plants are such inefhcient
energy converters and require such large areas, extensive reli-
ance on them could alter weather and perhaps climate pat-
terns. Extensive networks of solar ponds would probably raise
the ambient temperatures of desert regions, with difficult to
envision effects on precipitation patterns and wildlife. By alter-
ing ocean currents and surface ‘temperatures, large-scale
OTEC use could, affect tropical storms and fisheries in ways
that are not easy to project. However, given the major engi-
neering challenges still ahead, it will be many years beforee
those large-scale environmental constraints come into play In
the ‘meantime they should be carefully assessed.>6

Barriers and Incentives

To realize solar energy’s promise fully, many governments have
begun providing incentives and reducing the barriers to solar
‘energy use. Most visibly, R&D funding has multiplied over the
last decade. In the United States spending passed the $400
million mark in 1980 but has since declined to less than $200
million. French spending increased from $12 million in 1975
to $63 million in 1978—a 400 percent increase in just three
years. Several large R&D centers funded by the International
*Energy Agency have been set up in.Spain, which is rapidly
emerging as the hub of solar development in Europe. Japan
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and the Soviet Unionmlso have extensive R&D programs under
way Other countries have specialized in particular technolo-
gies. Israel in solar ponds, France in high-temperature concen-
trators, and Australia and Mexico in solar distillation.57 ’
Yet spending is still .too meager to compensate for past
neglect, to match government research on conventional fuels,
or to exploit the most_promising technological leads. Many
important§applications—industrial process heat, solar ponds,
and advanced materials research among them-—deserve vastly
expanded financial support. In the countries with mixed econo-
mies, where most R&D is occurring, government programs
must be carefully tailored to augment rather than duplicate or
displace corporate activity. Although governments have more
resources and more incentive to fund long-term projects with
distant payoffs than private corporations do, they are relatively
less attuned to what will be commercially viable. Where gov-
ernments hold the patents to all inventions growing out of
publicly supported research, inventions reach the marketplace
slowly at best. The interruption of government-sponsored
R&D projects in midstream for political reasons also causes
problems 58
Another pitfall of government R&D programs is the tend-
ency for agency officials to award research grants to large estab-
lished firms instead of new, potentially innovative small firms.
Such untoward caution clearly retards technical innovation.
The pattern is particularly visible in the United States, where
8o percent of government solar R&D funding has been chan-
neled to large firms. Yet smaller firms tend to be much more -
innovative and to create more new employment.5°
Balancing near- and long-term applications is another prob
lem with no simple solution. Too many government scientists
and corporate researchers have tended to pursue technological
perfection as an end in itself, focusing on long-term high-
.technology applications of more intellectual than practica] in-
terest. This approach might be advisable if the private sector
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were perfecting and refining current technologies at the same
time. But the energy crisis made the overemphasns on long-
term R&D only too plain.50

Apart from research, development, and demonstration pro-
grams, several national governments have also sponsored such
consumer-financing initiatives as tax breaks and direct grénts.
In the United States a tax credit enacted in 1978 and expanded
in 1980 offsets as much as 40 percent of the cost o* buying and
installing a solar system. Almost every U.S. state offers some
sort of solar tax incentive, ranging from sales and property tax
exemptions to a 55 percent credit deducted from the state
income tax in California. France and Spain took the U.S.
approach in 1981, while Japan provides direct cash grants
covering one-half the cost of purchasing and mstallmg solar
heaters.61

The second approach.to accelerating.the use of active solar
systems is direct regulation, which works remarkably well when
implemented by a local government mindful of local condi-
tions and needs. Since, two years ago when Israel began requir—
ing all new residential structures of less than ten stories to
install solar hot water heaters, 250,000 solar water heaters have
been installed. San Diego, California, }lgs also required all iew
buildings to install solar water heaters if they would otherwise
make use of- natural gas or electricity. Still, the simplicity,
economics, and popular support that underpin the market suc-
cess of solar hot water heaters cannot be exaggerated,-and
federal government attempts to require the use of other solar

" technologies could well backfire.62

Greater use of solar energy in industry means overcoming a
different set of barriers. Even where solar equipment can com-
pete economically with conventional energy sources, irdustry
is likely to consider other claims on its investment capital as
more important and less risky. Researchers at the Harvard
Busimess School contend that manufacturing firms require a
much higher threshold of profitability for investments that do
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not directly relate to their product than for those that do.

Where annual rates of return of 10 to 20 percent are enough
to trigger investments in the company’s product line, rates of

return approaching 30 percent are needed to get firms to invest

in money-saving energy tonservation and solar collectors. Un-

like oil; gas, or electricity (which do not entail an initial capital

investment by an industrial firm), solar equipment must be

purchased directly by the company—an added risk.63’

The key to overcoming this barrier may be in a new type of
sdlar marketing strategy based ort leasing solar systems or sell-
ing their output. An Israeli firm, LUZ International, Ltd., has
set up subsidiaries that have negotiated several twenty-year,
multimillion dollar contracts with textile manufacturers in
Georgia and North Carolina for steam produced from highly
efficient solar collectors. LUZ must make sure the collectors
are operated and maintained properly, and the textile compa-
nies do not have to tie up their capital in unfamiliar technolo-
gies. Solar leasing is being pioneered by a small Southern Cali-

“fornia firm, PEI, Inc. Under the conditions of the first signed
contract, fifty-two PEL-installed, owned, and maintained col-
lectors will enable a laundromat to save $165,000 in energy
over seven years. Widely used in the information-processing
and office machine industries, leasing offers customers the ad-
vantages of solar heating without a large capital commitment
or-the risk of obsolescence.6* -

A second.critical but artificial constraint to the greater indus- -
trial use of solar energy is tax policies that continue to favor
conventional fuels. Since the costs of heating fuel are tax de-
ductible for commercial businesses and industries while the
“fuel” for solar systems is not because it is free, much of the
economic incentive to use solar energy is negated by the tax
system. Either a deduction for the.amount of oifbeing saved
by using solar energy or the abolition of the business deduction
for fossil fuels would eliminate this bias,6>

The widespread use of solar energy systems will also pro-
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foundly affect the electrievutility industry. As providers of
backup power for solQrcqunp d buildings on sunless days and
as dissemninators of solay equipment, utilities will play new roles
in the energy econoriy—ones that will affect both the eco-
nomic viability of solar systems and the rates all electricity users
pay. Although solar systems will reduce both total demand and
peak demand on a typical day, on a rainy day in a peak-demand
season every backup system may have to draw on the grid at
once. Since law requires utility companies to maintain power-
generating capability to meet any reasonably expected de-
mand, the widespread use of solar equipment with electric
B backup systems could leave utilities with expensive excebs idle
. - capacnty

In Western Austraha where 15 percent of all households
have solar water heaters, 4 percent of the winter peak can be
attributed to solar hot water boosters. One study of U.S. utility
customers with solar heaters found that the typical user of solar
heat had a load factor 40 to 5o percent lower than that of a -
conventional customer. Since servicing a solar-heated. home
costs the utilities as much as servicing a conventional home,
this means that current electric rates do not cover the costs of
serving solar homes. In Colorado one utility has unsuccessfully
attempted to impose a $40°a month surcharge on customers
who have solar hot water heaters.66

Rather than charging solar equipment owners spec1al rates,_
utilities should charge all users of peak electricity equally high
rates that reflect the added costs the system incurs as a result
of their demand. As experience with “time of day” pricing in
West Germany shows, demand peaks can be shaved if users
have an incentive to curb power use at certain times. In cases
where backup power for solar water heaters increases peak
demand, simply installing extra storage capacity usually makes
more economic sense than foregoing the use of solar equnp-
ment.57

Utilities may also find it smart to ﬁnance, install, and main-
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tain solar heating systems for cutomers. Because utilities have
a highly dev eloped service network and longstanding relations
¢ith all energy users, they are in an ideal position to bring
about a rapid growth in solar collector use. Sev eral innovative
utility programs to finance solar water heaters are currently
under way 1n the United States. In the Solar Memphis Project,
the Tennessee Valley Authority is loaning consumers $2,000
at 3 percent interest rates for twenty years. The consumer pays
a set monthly fee to the utlhg ,aid\ﬁtle utility arranges the
installation,, certification, and maintenance of the system.
Sorde 10,000 water heaters will be mstalled under this
scheme.6®

An even more ambitious utility solar-financing scheme was
launched in California in 1979 when the state’s Public Utilities
Commission ordered the state’s four largest private utilities to
, provide cash rebates and low-interest loans to customers who
purchase solar equipment. Under this plan, utilities will make
financial incentives worth $182 million available for the pur-
chage of an estimated 375,000 solar water heaters. According
to PUC calclilations, this expendlture will save the utilities
$615 million in power plant construction costs; for a net, sav-
itigs 0f-$433 million. California consumers wnll be spared the
" high initial expense of buying a solar water heater.6

Many solar energy advocates oppose atility involyement in
solar energy. The fear is that utilities will reduce competition
in the solar industry, drive up costs to the consumer, or attempt
to give solar energy a bad name. In truth, the attitude of the
U.S. electric utility industry toward solar energy has been unen-
thusiastic. While more than 100 U.S. utilities are experiment-
ing with solar energy, it llas fallen to publicly owred utilities
such as TVA or heavily regulated ones such as those in Califor-
nia to actually promote its use. Still the profit motive has.led
some utilities to embrace solar energy and they may one day
. become good sources of financing and promotion for its use.”
Solar advocates hdve also protested the entry of some of the
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world’s largest conventional energy corporatioms-into the solar +
—~  industry. During the fhid-seventigs, several major oil compa-
nies purchased major shares in solar collector firms. Other large
firms, ranging from General Motors’ radiator division to the
ghss conglomerate Libby-Owens-Ford, have also moved ra-
pidly into the emerging industry. The objection voiced here is
that giant energy conglomerates would slow the pace of solar
. development to protect huge inv§tments in conventional

fuels. In fact, some conspiracy theorfits suggested that Exxon’s
acquisition of Kennecott Copper was a move to monopolize
copper, a key raw material for rhaking solar collectors.”!
Such fears appéér,exagge?/ted. After the initial flurry of
acquisitions, oil and aerospace firms began selling the solar
subsidiaries, few of which have made profits. Stung by several
years of disappointing returns, Exxon, the world’s largest oil
company, in 1981 sold its solar hot water heater subsidiary
(Daystar) to an independent splar company (American Solar
King). The new owner sees profit to be made, chiefly by reduc-
ing the highly paid administrative staff. In general, most large,
high-technology corporations are tecognizing that marketing
solar water heaters requires a semiskilled work force, attention
to small separated markets, and settling for profit levels typical .
in small business. An industry more akin to plumbing than oil
drilling simply doesn’t need a large corporation’s technological
_« . and managerial force.7? .

f The Solar Prospect : /
. D
The solar technologies alréady for sale will contribute ‘ever
more to meeting the world’s energy needs in the years ahead.
The well-established solar hot water heating industry will grow ,
rapidly. Government programs, the momentum of the growing
industry; and economic forces will bring solar water heaters to
one-fourth of the honh in fapan, two-thirds of the homes in
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Israel, and one-sixth of all U.S. homes by the y.ar 2000. kSee
Table3. 1.)73 . .

Table 4. 1. Use of Solar Water and Space Heaters, 1982-2000 *

.

A

2000 .

1982 Midrange Projections

e . Number of Share of Number of  Share of
Country _ units homes ynits + homes

United States 1.5 million 1in75 15 million 1109
Japan 3.6 million 11in10 10 million 1in 4
Israel 300,000 1in 3 1 million 31in 4
Western Europe 60,000 1in 2000 ¢ 7 million 1in 15

w -

Source: Worldwatch Institute.

The prospects for industrial and agricultural process heating
and solar air conditioning are harder to gauge. But these tech-
“nologies could displace use of oil, gas, and electricity even more
d{amatically than'solar water and space heaters do, even if no
ma)or technical breakthroughs occuwor users do not congregate
in sunny areas just to use solar technologles (See Table 4. 2 for
midrange estimates.) “

Téblc 4. 2. Worldwide Active Solar f!ncrgy Potential-

1980 ° , 2000 Long-range ﬁotential

(exajoules)

- Residential/commercial * <0.1 1,7 33%-50% gf total
water & space heat TR
Industrial/agricultural <0.1 2.9 25%-50% of total
process heat ) .
Solar ponds <0.1 21-4.2° 10~30"

Source: Worldwatch Institute . .
s /7
Despite a slow start, applying solar technology to industry’s
needs could spawn a new industry. The InterTechnology Cor-
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poration asserts that tracking parabglic concentrators could
command a third of the process hea®market by the year 2000,
assuming a 15 percent rate of return, and the 1979 U.S. Do-
mestic Policy Review on Solar Energy predicted that 2.8 exa- ,
joutes of solar industrial energy use is technically and economi:
cally feambk e for the year 2000. Su’plymg this much energy

- will require between 700 and goo million square meters?% :
collectors at a cost of about $400 billion and will probably no
occur until well after the turn of the century. It will also require
installing solar equipment in most new industrial facilities.”*

No detailed surveys of the worldwide potential of solar ponds -
Jhave been carried out, but scatteed national and regional
assessments indicate these ponds are a world-class energy r¢-
source.»One survey of fourteen sunny countries puts energy .
capacity from naturally saline lakes alone at. between 30,000
and 160,000 megawatts by ‘the year zo00. Analysts at the
University of Sydney estimate that Lake Torrens, one of many .
saline lakes in sonthern Australia, could yield over thirty times
as much electricity as the state now consumes. And in the most
detailed large-area survey yet performed, Jet Propulsion Labo-

. ratory researchers found that 8.9 quads of heat and electricity
(mare than 10 percent of total U.S. energy use in 1980) could
be economically produced by solar ponds in"the U.§, Sunbelt
by the year 2000. Latge areas of Soviet and Chines&# Central
Asia, the Middle East, and northern Africa also appear well
suited for salt ponds.”5

]
i
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~ Sunlight to Electncnt_y/
The New Alchemy
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lf some renewable energy techno’iogies are workaday devides,

photovoltaic cells excite the imagination. Developed during
the semiconductor reyolution of the ffties, these ingenious
devices convert sumlight into electricity in one simple and

* nonpglluting step. By changing one of the wotld’s most abun-
% dant and widespread energy sources into one of the most versa-
“tile and valuable forms of energy, photovoltaic solar cells work
a feat of near alchemy. Steam turbines and other conventional

technologies. powered by fuel combustion appear clumsy and .

~ inefficient by companson v
‘ Without moving parts, photovoltaic systems are rehable and
need little maintenance—claims that can be made for few new
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energy‘ technologies. And sola®ells could well be the ultimate .
decentralized enérgy technology. Unlike most energy systems,
the cost of harnessing photovoltaic electricity falls only mod-’
estly as system size increases, so solar cells can be used in small
quantities on rooftops, on farms, in rural communities, and .
even in cities. Photovoltaics offers individuals an unprece-
* dented opportunity to generate their own elect¥icity. In Third
World villages, solar cells could provide sma]l but vital amounts
of electricity for the poor majority. -
But such changes are still around the corner. The main
problxm is not technological. Solar cells have worked well in
various applicafons for over two decades. Rather, the problem
is cost. At current prices, a photovoltaic- system can easily
" increase the cost of an electricity-guzzling modern house by so
percent.” Indeed, most solar electricity systems installed so far
are tiny and are located on microwgve repeaters, fire lookouts,
and similar remote facilities. The approx'lmate]y 10,000 houses
equipped with small photovoltaic ‘systems worldwide are virtu-
ally all in regions without conventiondlly generated e]ectnCIty 1
Still, photovoltaics development has been so rapid that eco- o
nomic constraints could rapidly fall away. Between 197 and
1982, the worldwide production of solar cells expande§ more
than tenfold and’ their* cost fell approximately so percent.?
During that period approximately fifty companies worldwide
entered the photovoltaics businéss, Such spectacular advances
cannot continue indefinitely, but significant progress is ex-
~ pected throughout the coming decade. In fact, there are now
several technologies in the world’s photovoltaic laboratories
with the potential to revolutionize the solar cell iﬁdustry if they
prove feasible for commercia] production.

v
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A Space-Age Tech nology

_ Solar cells are, of modern science borr;. They have no rich

history, no traditional uses Photovoltaic technology rests on
solid state physics, a science barely understpod until the mid-
twentieth century. Like microelectronicé, photovoltaics is
based on the use of semiconductors—materials that have prop-
erties in between those of a metal and nonmetal and so con-
duct electricity only slighty. Alsoslike microelectronics, photo-
voltaics could become one of the twentieth century’s great
technoioglcal success stories. ! .

While French scientist Edmund Becquerel discovered in
1839 that when light strikes some materials it causes an electric
spark, it took scientists many years to understand the cause of
this “photoelectric effect”’—that “photons” of light can dis-
lodge the electrons that orbit all atoms. In silicon and a few
other semiconducting materials these dislodged electrons can
be turned into a tiny electric current. For decades, the utlllty
of this phenomenon went unrecognized.3

In 1954 scientists at Bell Laboratories in the Umted States
discovered that single crystals of silicon cquld be made into
practical photovoltaic cells. Within a year experimental siligan’
cells made in Bell Labs were converting 8 to 11 percent of
incoming sunlight into electricity. Briefly, Bell considered
using the newly developed solar cells to power telephone sys-
tems in remote areas. Business Week let ity imagination run
wild, envisioning an automatically controlled solar car in which

“al] the riders could sit comfortably in the back seat and per-
haps watch solar-powered TV/"4 Such dreams were soon
dashed by economic reality, however. Costs for the newly de-
velbped solar cells were sky high (perhaps sixty times current
prices).

Wertit not for the U.S. space program, photovoltaic energy
might have faded from the scene. But when, satellite scientists
in the\mid-fifties began'searching for a very light and long-
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lasting power source that could be boosted easily into orbit, the
newly developed solar cell emerged as the best candidate.
When,_the space rdce began in earnest a few years later, the
U.S. government devoted considerable funds to solar cell devel-
opment, bringing into being a photevoltaics industry that sup-
plied power panels fer hundreds of American satellites. Today
solar cells power virtually all satellites, including those for de-
fense as well as scientific research. Solar électricity is particu-
larly important to the growing world information economy
since solar cells hre used on satellites”that relay long distance

telephone calls, computer hookups, and television transmis- _

.

sions. . o

Yet space program research did not lead directly to the
develapment of photoyoltaics of practical terrestrial use. The
space program’s needs were for light, efficient, and reliable cells ,
operable where sunlight is more intense than it is on the earth’s
surface. Cost mattered little sifice relatively few cblls were
required and the space program’s budget was otherworldly
anyway. Cénsequently, solar cells developed for space were still
far too.expensive for widespread use on earth.

The next spurt of interestyin solar cells came when electricity

prices began soaring in the early seventies. Researchers both in .

~ Europe and the United States looked anew at the technology
and studied the potential for reducing its costyAlmost over-.
night, diverse photovoltaics research programs appeared in sev-
eral countries. To.some visionary technologists, solar cells’ fu-"
ture as a major-electricity source seemed bright.

Most commercial development programs have so far focused
on'single-crystal silicon cells similar to those developed by Bell
Labs. While silicon, the main component of sand, is the'second
most abundant element on earth, the silicon from which semi-
conductors are made must have at most one impure atom per
billion. One of the«purest commercial materials used, it is
energy-intensive and expensive to produce. )

After purification the silicon is melted and then carefully

L)
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’
drawn from a vat using a technique known as the Czochralski
process. The silicon 15 smultané"bi]ly combined with small
quantities of another element (usually boron). The resulting
crystal, which is about 10 centimeters in diameter and up to
one meter long, is then sawed into many thin wafers in a

-

. difficult, expensive manner similiar to slicing bologna Adding

to the cost is the waste of about half of the valuable purified
silicon in slicing. Each wafer is “doped” with trace elements
that form a barrier of electric charge between the two'sides of
the cell that directs the flow of electrons set free by thcoming
sunlight.

Metal contacts placed on the front and back of the cell carry
the electricity that,has been generated to a battery or other
device. Groups of photovoltaic cells are wired together in a
module that is typically a square meter'in size and encapsulated
in glass and ‘soft plastic for protection. Each module resembles
an,ordinary solar collector and has a generating capacity of
approximately 100 watts.’

Researchers have alreadg' greatly reduced the cost of sirigle*
crystal silicon cells. From over $600 per peak watt at the
beginning of the space program, the cost of solar cells fell to
$200 per peak watt in the early sixties and to $50 per peak watt
by the early seventies. Today, solar modules cost in the maigh-

" borhood of $8 to $15 per peak watt, and the market for photo-

voltaics for communications installations, small pumps, electri-
cal rust protection for bridges, and other specialized or remote
uses is expinding rapidly. Worldwide sales of photovoltaics
reached 8,000 kilowatts of .capacity in 1982—over ten times
the market size in 1977 and four times the 1979 level. This is
sufficient generating capacity to supply approximately 1500
modern houses.§ =

Phenomenal technologlcal success aside, the current state of
the technology should not bé overestimated, nor should the

" need for continued innovation be dismissed lightly. ‘At $10 per

peak watt, solar cells generate power for approximately $1.0b
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to $z 00 per knlowatt hour depending on ' the chmate—over ten
times the cost of power from conventional sources.” Continu-
ing and substantial cost reductions will be needed before
" photovoltaics can compete economically with electricity from
utility grids.

Research Horizons

The future of photovoltaics depends on evolutionary progress
in support technologies and further advanges in solar cell pro-
duction precesses. So far, industry has foncentrated on the
technologles that are closest to ready for the market and re-
quire relatively little work to meet cost goals, Government, in
contrast, has supported work on potentially less expensive tech-
nologiés that are still a decade or more from commercial readi-
ness. Worldwide, public and private investment in the technol-
ogy now amouats to approximately $500 million per year,
two-thirds of it private money.8
The Upited States has backed the world’s most ambitious
solar cell development effort. U.S. government spending on
photovoltaics—the largest component of the renewable energy
research budget—increased steadily after 1973, topping $150
million per year in 1980 and 1981, only to fall to $75 million
_in 1982. These funds primarily support advanced research on
. photovoltaic technology, development of low-cost.solar arrays,
and commercialization programs. As of 1982 the advanced
research effort, managed by the Department of Epergy and the
Solar Energy Research Institute but conducted through uni-
versity laboratories and private companies, had become the
most active part of the program while commercialization ef-
forts have been all but eliminated. In all, these programs have
" been quite successful—witness the U.S. lead in both advanced
technology development and commercial sales.?
Until recently, solar cell research in the United States has
easily exceeded that of other nations combined. But the
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Reagan administration has reduced the U S. resgarch program
just as other countries are stepping up their efforts. France,
Italy, Japan, and West Germany—which have collecively
more than doubled their budgets betweén 1979 and 1982—
have the strongest solar cell programs outside of North Amer-
ica. Spending approximately $30 million in 1982, Japan’s budg-
et is likely to pass that of the United States in just a few years.
Moje modest photovoltaics research work is under way in Aus-
tralia, Belgigm, Brazil, Canada, China, England India, Mex-
ico, the N ‘Elrlands the Soviet Union, Spain, and Sweden.10

Most of these countries are pursuing two or three promising

_ approaches to making solar cells gconomical, rather than taking

the U.S, approach of developing a whole aray of technologies.
As a résult, some European nations and Japan could soon take
the international lead in their specialties.

One of the most lmportant and heavily funded photovoltaic
research frontiers is manufacturing single-crystal silicon cells’
more cheaply. The most conservative approach is to upgrade
and gutomate each step of the qurrent process. Athleast three
techniques now <being deveIop?d will cut by two-thirds the
costs of making high-grade silicon. New.methods for growing
the egstals and slicing the wafers are also being pursued. Re-
cently developed thousand-bladed saws that cut ultrathin waf-
ers reduce waste significantly. New automated methads of
assembling solar cells are also under scrutiny. Simply employing
already laboratory-proven processes in_more automated facto-
ries will cut photovoltaics costs by close to 5o percent in the
next féw years, while raising efficiency to at least.15 percent.

More radical approaches to cost cutting include bypassing
both the crystal growing and slicing stdges. Several companies
in the United States and one each in Japan and West Germany
are “growing” large sheets or “ribbons” of singlelcrystal or
polycrystalline silicon directly from liquified silicon. Compli-*
cated, proprietary, and commercially inimature as the pro-

cesses are now, many industry observers expect them to claim

v o 107
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a significant share of the solar cell market by the late eighties.!

Another solar cell technology with considerable potential is »
the polyarystalline silicon cell. Sliced from a large silicow ingot
that is produced through an inexpensive casting process, these
cells can be made from a less pure and less. expenswe form of
silican. One U.S. company began manufacturmg such cells
commercially in 1982 and other firms in the United States and
West Germany have development efforts under way. Polycrys*
talline solar cells are still comparatively inefficient, however, so
boosting efficiency is a must if this technology is to be success-
ful commercially.12 *

More research attention is being glven the socalled ‘thin
film” solar cells that can be made frém amorphous silicon,
cadmium sulfide, and other i inexpensiye materials. All thin-film
cells require only a small amount of material, which gives them
the potential advantage of lower cost. While other researchers
take exception, longtime photovoltaics specialist J. Richard
Burke claims that “the low-cost pot at the end of the rainbow
lies in the use of truly thin-ilm photovoltaic cells.” The hope
is that such a material can one day be produced in automated
factories for a low cost—much as photographic film is today.”
In"the United States private industry and government have
aggressively developed cells made of amorphous silicon, which
is ‘a disordered material resembling glass that can conduct
current well once Hydrogen is added to it.13

So far, the highest efficiency that has been achieved for
production-line amorphous silicon cells is 3 to 6 percent, and
at least 8 to 10 percent is needed for commercial success. To
boost cell efficiency, several U.S. and Japanese companies are
mvestmg tens of millions of dollars. Already Japanese compa-
nies have blazed the way to a commercial market by manufac-
turing amorphous silicon cells with a modest efficiency and
using them in pocket calculators and other low-power devices.
By establishing the first commercial matket for these cells, the
Japanese can employ larger manufacturing plants and thus

.
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. further lowet” costs, helpmg to lay the basis for a vastly larger
“ market in the futuré 14

Other types of thin-film solar cells are made of cadmium -
sulfide and copper alloys. When they were first produced in the
fifties, these cells were so inefficient they were ignored. But
interest revived in. the seventies when researchers discovered
that these.materials could be made into solar cells with efficien-
cies of over 10 percent. Cadmium sulfide now appears tp be the
leading contender and may enter commercial prodtction in
the next few years. Among the other thin-film materials being
examined are gallium arsenide, indium phosphide, cadmium
telluride, and zinc indium diselenide. While none of these
substances_can be dismissed entirely, some are outside bets
because they contain rare elements or present potentlal health
problems.15 N .ot

Along with solar cell materlals, concentrator systems for use
with photovoltaics are also-being developed. Such devices can
increase the amount of solar energy striking a particular cell ten
to one thousand times, thus bffézing the poténtial of producing
relatively cheap solar power even without major advances in
basic materials. (The efficiency of most solar cells actually i in-
" creases in concentrated sunlight as long as the cells are kept
cool.) Often mechanical tracking devices are also used to main-
tain an optimal angle to the sun throughout the day. By using -
inexpensive Fresnel lens concentrators, large areas can be cov- ; /
ered for a reasonable cost. Indeed, the cheapest solar power yet
generated comes from some experimental concentrator sys-
tems. So far Italy and'the United States dominate the concen-
trator field, butf a large commercial market will not develop
until the systems become more reliable.” One difficulty with
solar concentrators is that they work poorly in cloudy or hazy .
conditions where little focused sunlight is available, which may ,
limit them to sunny climates. Solar cells without concentrators, ’
on the other hand, perform quite well even when it is over- -
cast.16
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“In a nutshell, the goal of most solar cell researchers is to
achieve efficiencies of 12 to 15 percent in cells that cost less
than a fifth of what they do today. To this end, scientists have
developed cost-reduction goals for each component and set |
tough deadlines fof reaching them. In both Japan and the
United States government program tnanagers constantly moni-
tor progress and occasionally redirect research to &nother, more
promising aspect of photovoltaics techf(lalogy The U.S. De-
pa'rtment of Energy price goals established in the late seventies
now appear unrealistically ambitious, but substantial cost re- .
duction is nonetheless likely.1?

Larger manufacturing plants employinig more advanced and
less expensive processes are scheduled to'come on line in the
next few years. And intense competition for market shares will
tend to push prices down. Conventional crystalline silicon cells,
together with ribbon growth and polycrystalline silicon cells,
- will likely dominate the market for the rest of this decade,
though analysts differ asyto which of these will be the most
successful. Concentrators will probably be widely used in many
applications, particularly utility plants. Beyond 1990 amor-
phous silicon and other thin-film technologies likely will cap-
ture the largest share of the market, pushing prices to new lows.

The photovoltaics market will evolve gradually rather than
. in discrete stages and at each point there should be'a range of
technologies to choose from—each with its specialized applica-
tions. Module prices will probably fall to approxrmately $3.per
watt (1980 dollars) by 1987 and to about $2 per watt by 1990.
At that price a total solar electric system will cost between $4
and $8 per watt and generate electricity at a cost of 15¢ to
30¢ per kilowatt-hour (as opposed to over $1 per kilowatt-hour
today). This is getting close to standard electricity prices in
many parts of the world, including Europe and Japan. Predic-
tions beyond the early nineties are difficult to make since they
are dependent on technologies barely bayond the laboratory
stage. But further. substantial cost reductions are likely since

¢
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the photovoltaics market will be large enough to attract big
investments. Given the rising costs of most sources of electric-
ity, including coal and nuclear power, photovoltaics is Tfkely to
be a competitive electricity source in all but a few areas'of the
world by the mid-nineties.!®

\ :
Building an Industry <

The photgvoltaics industry is still a young one, with annual -
sales revenues of, about $150 million in 1982. Approximately
sixty companies manufacture solar cells today, and over a hun-

" dréd more build components and support systems Three US."
firms had over half of the workdwide'market in 1980, but most

# bhotovoltaics companies are small,and,international competi-
tior’is growing rapidly. Many firms subsist largely o risk capi-
tal or government research programs, hoping to begin turning
a profit when their product improves. The préssing question for”
most is how to survive until the cost of photovoltaics can
compete with the costs of conventional sources of electricity,
thus blowing the solar cell market wide open. Before this har-
vest, large investments are needed, along with bigger plants
and some means of disseminating the technology quickly Such
progress hinges, of course, on the strength of the industry.1?

Cenfered in France, Great Britain, Italy, Japan, the United

States, and West Germany, the solar cell industry has always

~ stood apart- from other renewable energy industries. It is a
realm of three-piece suits and carefully crafted investment

- plans. In Europe and Japan, established efectronics giants such

* as Sanyo, Sharp, and Siemens hold the industry in their hands,
but in the United States there is more diversity. Many small
companies have sprung up in the U.S., born of risk capital,
government research funds, and bright ideas. Solarex, the larg-
“est photovoltaics company in the world, was started from
scratch by a handful of young American scientists who largely

" relied on venture capital.20 '

by




98 K Renewable Energy

Since the late seventies the solar cell industry has begun to
consolidate. Only a few strong companies remain in Europe
after a wave of mergets. And in the United States several large .
corporations have purchased a’sizable share of the most com-
,peﬁt;ve solar cell firms. No other renewable energy technology
has proved so attractive to large corporations, probably because
the potentidl market for photovoltalcs is almost unlimited and”
because only big. firms have sufficient investment capital. In-
deed, as of 1982 it cost an estimated $50 milllon simply to
enter the industry.2! Oil companies in particular have taken a
s}\me to photovoltalcs and the tmy solar cell industry now

des in its ranks such multinational behemoths as Atlantic
Rlchﬁeld, British Petroleum, Exxon, and-Shell Oil.

The irony of these developments has not escaped those who
first advocated photovoltaics as a decentralized technology. Oil
compames now seem eager to get a purchase on every energy,
sourte from uranium to solar power, and some watchdogs fear
that the oil companies may intend to develop an energy mo-

- nopoly and impede progress in photovoltaics until the oil wells
run dry. Although such fears are understandable, they are prob-
ably overblown. The pace of photovoltaics development is un-
likely to be affected significantly by the state of the oil market,
and in any case there remains sufficient competition in photcy

. voltaics to preclude a monopoly. Indeed, Morris Adelman of
the Massachusetts Institute of Technology believes that “the
notion that the energy giants, controlling the biggest part of
the manufacturing capacity in photovoltaics, could set the
price artificially high to protect their other mvestments is
unrealistic.”22 y :

The most serious charge against oil compames " involvement
in photovoltaics is that they tend to be hidebound and un-
" imaginative and have little experience in this type of industry.

_ Small firms have made a disproportionate share of the world’s

. major industrial breakthroughs, and more small companies
‘would hkely speed the development of photovoltalcs Yet too
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many governmeats direct most of their research funding to
large corporations. True, the sizable investments needed make
it likely that large companies will in the long run deminate solar
cell manufacturing. But small companies are well equipped to
play a pioneering role and later to retail, asserpble, and install
- solar power systems. .
Internationally, market competition is a sure thing. Already
ére than half of the world’s selar cells are exported, and each
major approach to developing photovoltaics is being explored
in more than one country. With exports high and patent pro-
tection inherently weak, mdustry leadership can change hands
rapidly. In the white heat of integnational competition, techno-
logical improyements and cost &:ductlons will be spurred
Initially, its technical prowess and govemment financial -
commitments gave the United States a head start in the photo-
voltaics mdustry By the late seventies the U. S was the undis-
puted leader in virtually all solar cell technologne& But by
~ focusing on fewer technologies, countries with smaller reséarch
budget! are attaining a competitive position. Japan has already
moved to the “cutting edge” in amorphous silicon. Joint ven-
tures and international licensing agreements that allow firms in

‘other countries to manufacture U.S.-desighed solar cells are -

. also speeding up the diffusion of solar-cell technrology.?3
»  Since knowledge of photovoltaics technology is already wide-
spread, marketing skills will be as important as cell costs in
determining the industry’s frontrunn@rs. A particularly gom-
petitive market will be that in the Third World. Firms in
Europe and Japan will have a natural advantage since they have
tradltlonal“tradmg ties and experience selling the diesel pumps,
generators, batteries, and other devices with which’ photo-
voltaics will be paired. More specifically, French firms have an
advantage in West Africa, West German_companies in parts
of Latin America, and Japanese firms in Southeast Asia. These
countries have incorporated solar-cell export drives into devel-
opment-assistance programs and worked hard to promote the
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technplggy In contrast, the lack of such programs in the
United States has some' industry leaders consgrned that the
U.S. will lose itSNinternational market lead by the late eighties.
The likely heir would be Japan, whose Ministry of Interna-
tional Trade and Industry is devoking increasing funds to
photovoltaics and is eager to repeat successes like those eaed
in the automobile and microelectronics industries.24

Still, no.one or two companies can dominate this market,
and international links between fums will blur the whole ques-
tion of international lealership. As the world market grows,
high transportation costs will also force solar electric systems
manufacturers to fabricate at least some components locally. It
is possible, for instance, that the silicon may be refined in one
country, the cells manufactured in a second, and the panels
assembled in a third. Already several dcvclopmg countries have
nascent solar cell industries, assembling components imported
from industrial countries as a prelude to manufacturing whole
systems domestically. Brazil, China, India, Mexico, and the
Philippines are among the Third World natlons that are likely
to lad the vgy in photovoltaics.

A Future for S'olar Power ! !

Perhaps no other energy technology has the versatility of solar
cells. David Morris of the Institute for.Local Self-Reliance in
the United States observes that “using the same energy source

—sunlight—and the same technology, we could have t#te most
decentralized or the most centralized form of elegtricity gener-
ation in history.””2% So far, though, ercial market for

“solar cells consists almost entirely of mini-scale electrical sys-
tems in rugal aréas. Most are coupled with batteries and provide
. only enough power to operate a radio telephonc or light a few

bulbs. Such systems are crucial, however, in providing reliable
communications in Papua New Guinea and hghtmg rescue
cabiris'in the Sw;ss Alps
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- According to many photovoltaics analysts, the first large use
of solar cells will be in the Third World. On farms and in

llages there, the power currently supplied by smiall diesel
villag , the po y supplied by

generators costs several times.more than grid electricity Small

solar clectnc systems could economically power pumps, light-

ang systems, agncultural equipment, refrigerators, and other

important devices. For refrigeration or lighting, batteries or a

/. .

V2 backup power source will be needed, but for many end uses the
® . device can be left idle when the sun is not shining. As of 1980,
‘photovoltaics is already'competitive with diesel generators in
rurdl electricity applications of less than three kilowatts of
‘capacity.26

Since.1978 the world’s first village solar electric system, with
a capacity of 3.5 kilowatts, has been operating on the Papago
Indian Reservation in the U.S. Southwest. Since then, several
similar systems have been built in Africa and Asia with funds
from European and American aid agencies, The largest center
of photovoltaics agtivity is West Africa, Where since the late
seventies France has been introducing solar-powered pumps
and other systems as part of its rural development programs.
One innovative effor ?SIS to use solar power to ju n ultr ZPenergy

. efﬁcneni.tele\ isions for educational usey ‘\not er is to provide
electricity for refngeratlon of medicines at remote health cen- .
ters.27

Within the developing world, interest in solar electricity has
risen sharply in,recent yegrs. India’s government is conducting
photovoltaics research, fostering a domestic solar cell industry,
and sponsoring solar electric demoqstratlon projects. Pakistan
plags to introduce solar electricity in fourteen vnllages by 1984
In both countries a market for small solar- powered pumps is
beginning to emerge.

By 1990 operating experience could combine with technical
improvgments to make photovoltaics a nearly conventional ,
technology in the Third World. Crucial here will be additional
work on battery systems and other support technologies. For
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villagers, the impact of even small amounts of electricity could
be revolutionary.. It could mean fresh well water, refrigeration
for storing food and medicine, and lights for reading and work-
ing at night—modest amenities by industrial country standards
but godsends for many of the world’s poor.28

Someéwhat later, solar cells are likely to appear ontrooftops
in cities.and suburbs thréughout the world. Li€ houses with
solar water heaters, photovoltaics-equipped houses require a

weight photovoltaic panels need relatively little structural sup-
port, but they need more south-facing roof space than collec-*
tors do. (A typical 3-kilowatt residential solar electric system

Although it will be easier to use photovoltaics on hor¥s
specifically designed for their use, it appears that existing sub-

electricity they need from solar cells. There are already approxi-
mately 10,000 houses located in areas without power lines that>
have small (less than 1-kilowatt) direct current photovoltaie
systems with batteries that meet essential needs. Providing
sufffcient power for a typical moHeph house is more difficult.
o keep rooftop photovoltaic systems from competing with

solve other engineering problems, architécts and engineers
have designed a few sz}; electric houses as demonstration
»projects. Their focus is6n making photovoltaic systems easier 1
and chéaper to install and on integrating solawefectricity with
passive solar architecture and the many other features
homebuyers value. One U.S. campany has developed a dual-
purpose photovoltaic shingle. Another designer is actually
using specially-desigqe’d solar electric panels' as roofing. Al-
though the few solar houses built so far have sold for over
$200,000, these homes serve as a proving ground, allowing the
refinement of designs and support technologies in preparation

for the day when solar célls become cost-competitive.30
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Solar cells more than any other technology have the poten- =
tial to decentralize electricity generation. In urban and subur- .
ban areas,thousands of residential solar systems could be con-
nected to utility lines, doing away with the need for expensive
battery storage. Solar homes could draw power from the grid
at sunless times and pay fer it by selling excess electricity to the
utility when sunshine is plentiful. In sunny, dry areas where
peak electricity demar for air conditioning occurs when sun-
light is most intense, this arrangement could be a boon. Else-
where, only careful planning will make solar electric houses
economical for utilities and consumers.
The prospect for decentralized electgicity generation sot-
withstanding, some utilities see in solar p(r)wer systems a chance
to make centralized generation more versatile. The idea, whicle *
many photovoltaics researchers and industry leaders consider
practical, is to erect large arrays of solar cells (and perhaps
concentrators) in sunny areas and to integrate them with the
utility grid. Although solar cells themselves have no economies
@ of scale, photovoltaic systems do, especially the power-condi-
tioning equipment used for utility interconnection. Somé re-
searchers believe that centralized solaxs{stems will be the first
major use for photovoltaics in industrial countries. .
Only a few large photovoltaic systems have been built so far. ~
The largest is a 350-kilowatt system in Saudi Arabia that sup-
plies power for three villages and was funded by ¢he Saudi
Arabian and U.S. governments. A larger 1,000-kilowatt grid-
connected system is being built with federal and state funds at
- the Sacramento Municipal Utility District in California. A
similar project is under way in Italy. And in 1982 the fust
contract was signed for an entirely privately financed utility
photovoltaic system—between ARCO Solar and Southern
- California, Edison.3!
The most pie-in-the-sky way of harnessmg solar electricity is
% via the “solar satellite.” Several researchers in the, United
States have proposed placing large arrays of solar cells in sta-
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tionary orbit arpund the earth and using microwave transmit-
ters to convgy the power to land-based ggeeivers. Since sunlight .

is more intense outside the atmosphere, it i$ theoretically possi-

ble to reap a great energy harvest in space. But even ardent

advocates of this technology admit that it will be decades

before launching such vast quantities of materials into orbit is

feasible. And skeptics question whether it will éver be economi-

cal considering the large amount of energy needed to overcome

gravity. More disturbing are the potential health and environ-

mental effects of a high-energy beam aimed at the earth’s
surface. Mi;ogave radiation causes health problems, and even’

the earth’s atfnosphere could be ‘altered. At any rate, no one
is banking on solar satellite research at the mament, and many
renewable energy advocates believe that the idea gives an aura.

/ . of science fiction to a technology ready for here-and-now use

e On earth.32 . o

* " Assessing the worldwide potential for using solar photovol-

taic cells takes patience and imagination. Beyond the consider-

: able.teghnical uncertainties are questions about intermediate

markets and the industry’s strength during the critical mid- to

late-eighties, when solar cglls will be-economically competitiye

only in areas without conventional sources of electricity. The

, mid-nineties may be another story; but that will depend on

major cost reductions in photovoltaics and on the price of

competing electricity sources. In the industrial countries elec-

tricity use is likely to grow or&;slowly in the nineties, but

substantial solar cell sales may &cur as older power plants are

retired. A boom market in the developing countries—particu-

larly those that dre industrializing rapidly—is a distinct possi-

bility as well. *

Various forecasts of photovoltaics use have been made, all

of them based largely on guesswork. The goal of the U.S.

. photovoltaics progtam as formulated by Congress in 1978 is to

double the manufacture of solar cells each yéar so as to reach
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an annual output of 2,000 megawatts of cells by 1988 (250
times the 1982 total). The U.S. Department of Energy subse- .
quently established a goal of obtaining 1 quadrillion Btu’s (just
over 1 exajoule) of energy from photovoltaics by the year 2000
This would require an installed capacity of over spj000 mega-
watts, or about as much capacity as nucléar power has in the
*  Uhited States today. It is now cl€ar that these early goals were
high, particularly considering’the limited funds the govern-
K ment has devoted to achieving them. In Japan the goals that
have been established are more conservative and redlistic The
country aims eventually to generate 2q percent of its electricity .
using solar célls.placed mairily on rooftops, but most of this
growth_is not expected until the 1990s.33 . ‘ -\
A Worldwide trends are even more uncertain, but the industry )
has advanced far enough in the last few years to narrow the |
range of possibilities. Thére will likely be at least 1,000 mega- |
watts of solar cells installed by 1990, a large Portion of them - |
in developing countries. By the year 2000, the total will proba- |
bly ragge between 5,000 and 20,000 megawatts, depending
both on the pagsof technological improvements and the level
of government support. Even the latter figure would provide -
just 0.4 exajoules of energy, but much more rapid progress
seems likely after the turn' of the century as the technology
_matures and many conventional power plants reach retirement
age. By mid-century, solar electric systemsshould be a common
rooftop appliance throughout the world and should provide
perhaps 20 percent of the world’s electricity. This would re- L
quire a total capacity of around a million megawatts, installed
both ontooftops and at centralized power stations. The energy «
contribution would approach 20 exajoules.34 . ’
Solar electric sysfems are clearly among the brightest hopés
on the energy scene today. Their potential to provide inexpen-
* sive, independent power to people and industries throughout
the world is far more important than their gross energy contri-

!
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bution. Thanks to agvances being made in this seemingly ex-
otic new technology, the living standards of hundreds 6f mil-
. lions of people in developing countries can be significantly
raised in the next few decades. .




- WoodCrisis,
Wood Renaissance

4

F or most of human history, people have burned wood to cook 3
théir food, stay warm, and light their environment. Even today,
it remains the world’s most widely used renewable energy
source. Although deforestation and mounting population pres-
sures are constricting the wood supply, most of the wood
burned today is used much as it always has been. Only in the’
industrial North, where rising oil prices have triggered a revival
of wood use for residential and industrial heat, have combus-
tion techniques advanced significantly.

As traditional uses grow, efforts to turn wood into electrlcnty,
gas, and methanol are also getting under way. Realizing wood
alcohol’s potential to power the transportation system will re-

121
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quire making wood burning more efficient and phasing out
some traditional demands for wood. Indeed, the world’s ferests
can meet rising needs for wood energy only if forest and wood-

. lot management improves in rich and poor nations alike. By the
same token, if the health of the forests is neglected, the push
to get more energy from wood will backfire, reducing the
forests’ potential to provide lumber and paper as well as energy. .

™ An Ancient Fuel in Crisis ' L

Approximately 2 billion people reJy on biomass energy. While
animal wastes, crop residues, afrd draft animals.also supply

" energy to the world’s poor, wood is the principal source of

. energy for 8o percent of all people in developing areds, and half
the world cooks with wood. In Africa fuelwood meets 58 per-
cent of total energy demand. In Ethiopia, Nepa] Sudan, Thai-
land, and even ojl-rich ngerla ‘90 percent of the pogulatlon
depends on wood. Even'in larger towns and cities wood i is used
in the form of charcoal, which is lighter and cheaper to trans-
port than wood and burns smoke-free. In Thailand, for exam-
ple, almost half the wood used for fuel is first transformed to
charcoal.!

Dependence on wood reflects a lack of other options. Few
in rural areas can afford electricity even if it is available. In the
developing world only three out of twenty villages have elec-
tricity, while such fossil fuels as kerosene, butane, and propane
were pushed out of the reach of many Third World families
by the oil price increases of the seventies. According to an
expert panel that advised the 1981 U.N. Conference on'
New and Renewable Sources of Energy, more than 100 mil-
lion people cannot obtain even the firewood needed to meet
_minimum needs, and another one billion people need more
than they can now get. By century’s end over 2 billion people
will live in firewood-deficient areas, primarily semiarid regions

. "and hlghlands (See Table 6. 1.) Today, the problem appears
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" most acute on the densely populated Indian subcontinent and
along the Sahara Desert’s edge. In Latin America scarcities of
firewood and charceal plague much of thie Caribbean, Central
America, and the Andean nghlands 2

Table 6.1. Fuelwood Shortagc in Developing' Countna .

1980 2000
Region Acute scarcity Deficit  Acute scarcity Deﬁczt
(millions of people affected) )
Africa 55 146 88 447
Near East & North Afn“ * ‘104 * 268.
Asia Pacific.” 3 645 238 1532
Latin America © Toag . 104 30 .523
Total 101 999 356 2.770

Source FAO, Report of the Technical Panel on Fuelwood and Charcoal to the U.N.
Conférence on New and Renewable Sources of Energy, Nairobi, August 1981

*Figure is not available = | :

The fuelwbtn'sis stems from the practice of ancient tradi-
tions in changdd cifcumstances. Although deforestation is as
old as recorded history, today’s fuelwood crisis has compara-
. ‘tively recent origins. The postwar burst in population growth,
the'accelerated conversion of forest land into farmland, and the
increase in livestock herds have together pressed remaining
woodlands inexorably In short, firewood gathering exacerbates
already serious problems of deforestation.?

Commercial firewood prices have multiplied almost every-
where over the last decade. In parts of India, West Africa, and
Central America, urban families spend 6ne-quarter of their
income on wood or charcoal for cooking. When firewood
becomes harder to find, people forego their nighttime fire or,
worse, their meal. Hard to quantify, the effects of scarcity and
high costs of ﬁrewood and charcoal are devastatirig by any

medsure.
Most fuelwood never enters the marketplace, so a better
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indicator of scarcity is the time it takes to find wood. In central
Tanzania, provndmg a family’s annual firewood Tequires be-
tween 250 and 300 days of labbr. In deforested parts of India,
it takes 2 days to gather a week’s wood. And in parts of Upper
Volta, women spend an average of four and a half. hours a day
hunting fdr firewood. Since the burden of firewood collection
" almost always falls on women and children, critical but unpaid
household tasks such as nutrition, sanitation, and education
suffer. The costs of this mounting burden show up not in
conventional economic indicators, but in indices of infant mor-
tality, disease, and 1111teracy4 . -
Fuelwood price rises and supply reductions 2 are also limiting,
the growth of small-scale industrial enterprises in many Third ~
World countries. Brick baking, tobacco curing, fish drying, and
cement making all depend heavily on wood. Although most
. countries devote only 2 to 15 percent of their fuelwood to such
_processes, in many these activities represent the fastest-grow-
ing use for wood. In some cases critical export industries de-
pend upon wood. Tanzania cures tobacco with wood, and
Thailand does the same with rubber. Yet in béth coufitries
wood is being cut at an unsustainable rate. Around one fishing
centet in the Sahel region of Africa, where every year 40,000
tons of fish are dried using 130,000 tons of wood, deforestation
extends 100 kilometers.’ .
One way to check these trends in developing countries is to
make fue] burning more efficient. The open hearths over which
most Third World people cook are only 6 to 8 percent efficient.
By comparison, irtight stoves manufactured in the West are”
30to 80 percent efficient. While such stoves are far too expen-
sive for developing-country residents to use, inexpensive im-
provements over traditional open hearths (such assimple stoves
built from locally made bricks) can boost efficiency to 15 per-
cent, effectively halving a hbusehold’s wood needs. The Lorena
stove developed in Guate¢mala costs between $s and $15.
Molded- from mud and sand and fitted with a metal damper

P
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and pipe, it 1s twice as efficient as the traditional stove it
displaces. The simple and cheap Junagadh stove developed in
India is reportedly 30 percent efficient.®

Several social and economic obstacles have kept snmple cook
stoves from being widely accepted in any Third World coun-
try. One is the lighting property of an open fire. Another is its
social value. Then too, even though thick smoke from open
fires has been called poor people’s smog, it also repels insects
from the house and roof thatching. A major problem is ex-
pense. Many rural famllnes cannot afford even the simplest
stove.”
+ To better rural firewood prospects at least a dozen develop-
iing countries have started programs to spread simple stoves
throughout rural villages. In Senegal an effort sponsored jointly
by France and the United States has encouraged over 1,000
villagers to build and use a Lorena-type stove, the Ban ak Sunf.

India has also mounted an ambitious effort to build cooking

stoves. The key to all such ‘programs will be designing stoves
that appeal to the village women who must operate and main-
tain them. Speed is also essential since new households are
forming far more quickly than cook stove use is increasing.8
Another approach to conservingfirewood is producing char-
coal more efficiently. In the most Widely used and least efficient
method, stacked wood covered with earth is allowed to smolder
in the absence of oxygen for several days—a process that wastes
75 to go percent of the wood’s energy. Switching to kilns made
of brick or steel allows the production of charcoal much more-
efficiently. But steel kilns are prohibitively expensive, so the
likeliest replacements in poor countries for highly inefficient
earth pits are brick kilns made from locally available clay.?
Besides burning wood more efficiently, wood-short countries
can make better use of wood cut from lands being pressed into
agricultural and industrial use. In Tanzania, for example, to-
. bacco farmers clear one piece of land for crops and then cut
wood from another parcel to cure the harvest. Simpl): storing




v

112 Renewable Energy

the wodd or making it into charcoal could d;astically reduce the
amount of wood cut for tobacco production. Two heavy char-

* coal users, Brazi} and Sri Lanka, have learned to make full use

of felled trees. All the trees on 65,000 hectares of land sched-
uled to be flooded when-the Tucurui dam is finished in Brazil

. are being cut for lumber exports and charcoal production be-

fore the floodgates close. In Sri Lanka, the Charlanka company
will use portable kilns to turn 25 million tons of wood residues
that would otherwise be wasted into charcoal for the cement
industry, which currently depends on imported .petroleum.
The Brazilian wood harvest will be a one-time affair, but the
Sri Lankans are planning to plant 13,000 hectares of eucalyptus
to perpetuate charcoal supplies.1?

The Return to Wood

Like the developing countries today, Canada, the United
States, Europe, and Russia once depended almost exclusively
on wood. Augmented by human and animal power and a mod-
est amount of wind and water power, wood formed the energy
basis of the New. and Old Worlds well into the nineteenth
century. Wood was used to cook and heat, and as charcoal, it *
was used in metal smelting. Forests qould not meet the rising
demand, and these countries turned to coal.1! (
Since the oil shock of 1973, wood has come into a second
age. T'his revival has been most yisible in the residential heating
market and the forest products industry in the United States
and Canada. Residential firewood use in the United States
more than doubled between 1972 and 1981, and the number
of homes heated entirely by wood has reached 4.5 million,
while another 10 million are partially heated with wood. In
Canada some 200,000 homeés are heated solely with wood. New

. England and eastern Canada lead the return to wood-stove use,

reflecting in part the region’s great dependence on expensive

. heating oil. (In 1981 half the homes.in northern New England

128 :
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.

were heated at least paphally with wood.) Other well-forested
regions are taking wood stoves more seriously, though where
winters are mild and cheap natural gas or hydroelectric power
plentiful the trend is less pronounced.}?

In heavily forested parts of Europe and the Soviet Union,
wood is an important source of energy for residences. In
Austria, for example, almost one-third of all homes meet some
part of their heating needs with wood. And in the USSR,
where fuelwood accounts for 20 percent of the timber harvest,
at least one-quarter.of the residences are wood:warmed. Be-
cause wood use was already high, coal reserves abundant, and
natural gas and electricity cheap, wood use in the Soviet Union
rose little during the seventies.!3

The rekindled interest in wood stoves stems partly from
recent improvements in stove designs that have been. around
for a century or more. Although its playful flames and glowing
embers may make it more aesthetically appealing than a wood
stove, an open hearth lets at least half the warmth of the fire
_escape up the chimney, so the updraft actually draws cooler air
“into the room. Axrtlght or brick stoves radiate far more heat
into the surrounding space than fireplaces do. At a cost of from

~  $800 to $2000 per unit, the Finnish or Russian brick stove,
which traps hot gases so that the bricks absorb and rerqdlate
more h;tp is reportedly go percent efhcient.1#
Natufally, the appeal of wood stoves for residential heating
depends on how much conventional fuels and the wood itself
cost. Compared to a furnace that burns heating oil, a wood
stove in a well-forested area can save a household hundreds of
dollars a year—more if the members of the household collect
and cut their own firewood. The economic advantage of wood
stoves is less clear where low-priced natural gas is available.
More certain is wood’s competitiveness with electricity. In
& forested regions with electricity prices at or above the U.S.
national average of about 6¢ per kilowatt-hour, wood is eco-
nomic today.15
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Another factor affecting the use of wood as a residential fuel
is ease and convenience of handling. Although chopping, ¢arry-
ing, and loading wood is worthwhile—even invigorating—to
some, the convenience of electric, oil, or gas heating cannot be
discounted. One way to take the hard labor out of using wood
would be to adopt recently developed wood-fired furnaces

“whose thermostatically controlled feeders automatically convey
wood pellets into th/c fire grates. Still, these problems, along
with the difficulty“and expense of_transporting the wood™
needed to heat even a }he’dium-siz,ec} urban area, mean that
wood will probably never be used widely in cities.16

The residential wood-burning revival also poses serious
health and pollution-control challenges. Proper installation is
essential to safe use of wood stoves since hot stoves can cause
fires or emit harmful smoke into homes. Paradoxically, burning
wood by utilities and industry causes fewer problems than the
dispersed use of wood in small stoves because most large wood
boilers come equipped with pollution-control systems. Smoke
is an especially serious problem in valleys where temperature
inversions occur and smoke accumulates. Although recent
studies indicate that, except for hydrocarbon particulates,
wood burning produces fewer pollutants than fossil fuel com-
bustion does, possible carcinogens have been found in wood
stove smoke. In some areas, such as Vail, Colorado, so much
smoke from wood stoves has accumulated that their pise has
been limited bylaw. Irom e more efhcientAirtight cast-

hazards of wood steves. Dow Corning Corporation’s “catalytic:

combuster,” a $100 device similar to a catalytic converter on

an automobile, burns off a stove’s exhaust gases, thus increasing
+ the average stove’s efficiency by 20 to 30 percent, enough to
" pay for itself. Although several major manufacturers plan to sell
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stoves.with the new catalytic combuster, government will have

to establish a wood stove tax credit or grant and require the use

of combusters to make sure these devices are used widely. By

oftering such gonditional incentives of 25 to so percent, gov-

ernments could avert a growigg pollution problem and place

weod stoves On an equal footing with heavnly subsidized con-
ventional energy sources.!8

New Uses for Wood

Wood is being put to many new uses, too. A growing number
of modern industries are turning to wood, and some utilities are
trying it out in electricity generation. Wood gisification is -
again being used in agriculture, industry, and commerce. The
single most important new use for wood may be as methanol,
a liquid fuel that could one day edge gasoline out gs the pre-
ferred transportation- fuel.

Rising fuel prices have triggered a renaissance of industrial
wood use. Traditionally, industry used wood to generate steam
power make charcoal, and smelt metal. As in homes, wood’s
use in industry declined during the era of cheap fossil fuels, but
has grown dramatically since 1973. In 1966 wood-fired boilers
represented a negligible percentage of total industrial boiler
sales in the Unijted States. By 1975 they represented 5 percent
of the total. As of 1980 more than 2,000 large industrial wood-
fired boilers were m use and many thousands more provided
energy for smaller operations.19

Logically enough, the forest products industry has led indus- |
try’s return to wood. In the United States and Canada energy-
intensive pulp and paper plants consume more petroleum than-
any other manufacturing industry. In the United States the
share of the industry’s energy obtained from wood wastes has
" risen to 50 percent. The largest single U.S. forest products
..company, Weyerhaeuser, generates two-thirds of its energy
from wood and plans to become completely energy self-suffi-
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cient by 1990. In Western Europe similar trends aré in force.

The giant Swedish pulp and paper industry derives 6o percent
of its energy from wood scraps and pulp residue. Studies by the
Swedish government indicate. the industry could become en-
ergy self-sufficient and sell excess cogenérated electricity. In
Canada this trend has been assisted by the Forest Industry
Renewable Energy (FIRE) program, which will spend $288
-million between 1979 and 1986 on industrial grants for con-
verting plants to run on wood fuel.20
Several other major manufacturing facilities in heavily for-
“ ested rural areas have also switched from oil to wood. At Dow
Chemical Company’s new industrial complex in Michigan, a
‘wood boiler will provide 22.5 megawaits of power at less cost
‘than oil or gas. In North Carolina seven brick plants and six
" textile mills have converted from gas to wood. Cost savings can
be dramatic, as a Massachusetts firm dlscovered when its an-
nual fuel bill went from $720,000 for il to $z7ooo<5 for
wood.21
Wood’s role in industry is expanding partly because new
technologies can gather and homogenize abundant wood resi-
dues and wastes. Instead of high-quality wood logs, industry
can burn the bark, branches, and diseased trees left in the wake
of timber and pulp operations. Energy-rich “pulping liquors,”
which otherwise pose a major disposal problem, can also be an
important source of industrial fuel. New truck-sized machines
shred trees into standard matchbox-sized chlps and shoot
them into waiting vags. About 5o percent water, these heavy
. chips are expensive to truck long distances, but their use makes
sense in well—wooded commumtles that do not have easy aceess
to oil or coal®2 |
Another alternative is pelletized wood. Made from wood
waste bound together undér heat and pressure, wood pellets
can be used directly in unmodified coal-fired furnaces. Denser
and drier than wood chips, they canbe transported economi-
cally over greater distances.. In the Unfted States wood pellets

LA
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currently cost ‘about as much as’coal but contain only half as
much heating value. Still, they are economical where there are
.no railroads to bting coal in,cheaply. Pellets are also attractive
as an industrial fuel becduse they give off few pollutants whén
burged.23 .,

An older energy-conversion technology making a comeback-
is wood gasification. During World Wat Il 700,000 automo-
biles, mainly in Europe, were powered by wood gasifiers. Un-
like the gas fermented from starches and sugars, wood gas is
made by heating wood in thé presence of only small quantities
of air. Although this gas is not energy-rich enough to justify
piping long distances, it is well suited for use in gas or oil boilers
or in the diesel engines widely.used in developing countries.
Because burning wood gas is considerably less polluting than
burning wood itself, wood gasifiers may become industry’s first_
choice among wood-use tchnologies. Several firms have begun
marketing wood gasifiers that provide energy at roughly the:
cost of prlce-controlled natural gas in the United States.24

Wood is also bemg used orf a modest scale by utilities to
generate electricity. A utility in heavily forested, sparsely popu-
Jated Vermont recently retrofitted two of its 10-megawatt coal-
fired boilers to burn wood chips. company is also building
a so-megawatt plant that will burn 58,000 tons of wood chips
a year to provide electricity for 20, homes. For fuel for the
furnace, machines will harvest and chip whole trees within a
sevénty-five-mile radius of the plant. The $76-million facility
is expected to generate electricity 20 percent more cheaply -
than a comparable coal-fired plant can.25

By far.the most ambitious effort to use wood to generate
electricity is taking place in the Philippiges. Faced with an
oil-import bill that consumes over half the nation’s foreign
exchange, the Philippine government has embarked on a pro-
. gram to build 300 megawatts of wood-fired power plants in
remote areas of the country by 198s. To insure an adequate
supply of fuel, the National Electrification Administration pro-
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vides funding for groups of up to ten rural families to set up
plantations of fast-growing leucaena—a strategy that will re-
verse deforestation as well as provide energy.26
Wood’s most important new use is likely to be as methanol,
a clean-burning liquid fuel that automuobiles, trucks, and air-
craft can use. Methanol can be produced from the cellulose in
wood or grasses, which is vastly more abundant than the sugary
and starchy feedstocks used to make the ethanol found in
alcoholic beverages and gasohol. Before 1930 virtually all meth-
anol was made from wood. During World War II German
cars ran on methanol made from coal, while Brazil’s automo-
bile fleet ran’ #h methanol made from wood. Today most high
performance racing cars run on methanol. In 1980 almost all
tl}e 1.4 billion gallons of methanol produced worldwide were
made from natural gas and were used as an industrial chemical
rather than <as a fuel. In the future methanol may again be
produced from coal, which is easier and cheaper to do than
producing ga&me from coal——the goal of many synfuel pro-
grams.2’7
Methanol s produced from wood through destructive distil-
lation in which wood heated in the presence of a little air
decomposes into charcoal, carbon dioxide, and hydrogen.
When pressurized in the presence of catalysts these gases be-
come a liquid—methanol. In contrast to ethanol production,
methanol production requires little energy from external
sources since heat is generated when the feedstock is gasified,28
Estimates of methanol production costs vary widely, but the
price of the feedstock is critical to all. According to the U.S.
Office of Technology Assessment, wood costing $30 a ton can
be converted into methanol costing ‘$1.10 a gallon. Wherg
wood or wood-wastes are abundant, technology now for sale
can produce a gallon of methanol for between $1 and $1.25.
Adding taxes and transportation, methanol would probably
retail for between $1 .55 and $2.00 a gallon. Since wood alcohol
|
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has only about .half the energy value of an ~é!:]uivalent amount
of gasoline, it is thus cost-competitive with gasoline that costs
$3 or $4 a gallon.2® :

Although this technology is widely ppoved and tested, re-
searchers in Brazil, Canada, the United States, and France are
trying to improve significantly the efhciencies and economics
of methanol production. Scientists at the U.S. Solar Energy
Research Institute (SERI) have doubled the amount of me-
thanol obtained from a givep .quantity of wood. The SERI
gasifier could probably produce methanolyfor 70¢ to 8o¢ a
gallon. Researchers in Bgazil report other methanol technology
improvements that canfeduce methanol costs comparably. If
pilot-plant experience is duSlicated in larger plants, methanol
from wood will compete with methanol produced fromvfiatural
. gas.30 )

Methanol has been.little used in transportation so far be-
cause it blends poorly with gasoline and readily corrodes rub-
ber, plastie, and some metal parts of standard internal combus-
tion engines. Accordingly, it has been necessary to redesign
some engine parts, though if mass-produced these methanol-
tolerant engines would cost no more than gasolig:;;{xgifles. For
now methanol is being used only as a transportation fuel in
“captive fleets” such as city buses or company cars that operate
in a circumscribed arez and fill up at centralized locations.

"Several extensive on-the-road tests in West Germany, Califor-
nia, and Brazil have demonstrated that methanol-tolerant en-
gines Perform at least as well as gasoline-powered ones.3! .

Going beyond these simple modifications of conventional
engines for methanol use, engineers are also designing engines
particularly suited to methanol. The Ford Motor Company
and the U.S. Solar Energy Research Institute have developed
a high-compression engine that dissociates methanol into hy-
drogen and carbon dioxide and achieves a fuel efhiciency similar
to that of a gasoline engine despite the fact that methanol only
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has half the energy of gasoline. This new engine could in effect
climinate the cost differential between gasoline and meth-
anol.32 '
The potential for replacing liquid petroleum products with
methanol in one heavily forested country, Canada, has been
examined in detail. According to a’ government-sponsored
study, Canada could produce over 72 billion liters of methanol
in the year 2000, enough to completely replace the 203 million
barrels of oil now used for transporation. Although a hybrid
" natural gas-wood process would be most economical today,
" cellulose becomes the miost economical feedstock if natural gas
is priced at parity with oil. According to researchers the princi-
pal constraint upon such a strategy is demand related—an
abundance of cheap natural gas and ample oil supplies.33
Realizing wood’s energy potential fully, of course, means
locating wood-using systems near wood supplies and keeping
system size down accordingly. lndeed transporting wood be-
yond fifty to one hundred miles becomes prohibitively expen- |
sive, and a plant’s size is dictated by the volume of nearby wood
—even heavily forested areas can continuously fuel at most a
s5o-megawatt generator. For wood alcohol, new: small-scale,
units All' an important gap in the technology since the large
plants that make methanol from natural gas and coal would
require too much, wood te be transported too far. International
Harvester hopes to market a package methanol plant with an
output of 6 million gallonsa year, a tenth the size of the typical
fossil-fuel methanol pla@t. Factory assemblell and trucked to
the site of use, these smaliyptan#$ will not enfail high construc-
tion costs.34
A major constraint to greater wood’ use for methanol or by
industry and utilities is uncertainty about the future price and
availability of large supplies of wood. With transportation costs
the limiting factor, a sudden surge in local demand could
strand large users. As insurance many companies moving to
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wood fuel are building furnaces capable of burning both coal
and wood pellets.3%

Governménts could help the methanol fuels industry
emerge quickly. For starters they could purchase fleets of meth-
anol-burning automobiles or offer incentives for large private
fleet owners to use methanol. California, for example, has
already offered to buy methanol-powered cars from Ford. Such
an assured market would give forest pr’oducts companies the
incentive to build relatively small-sized methanol-from-wood
plants near exist‘ilxg paper plants and sawmills.36

A Growing Resource in Stress

The rising demand for wood energy comes at a time when
forests are rapidly being cleared to make way for agricultural

land and when demand for timber and pulp is rising. Clearly, -

new forest-management techniques and'policies will have to be
devised to meet demand without magnifying environmental
stresses. Yet large blocks of virgin forest, the lands replanted
for the pulp and timber harvest, and poorly managed or defor-
ested lands, which together make up a quarter of the earth’s
land surface, each hold surprisingly different potentials for
stretching and saving the resource base.

The most economically sound way to increase wood energy
use without sacrificing traditional forest products is to remove
more logging wastes from commercial forests and—more im-
portant—to increase replanting and improve management on
small parcels of degraded forest land. In contrast, cutting re-
mote virgin forests or greatly intensifying the harvest from
commercial forest lands should be limited both on economic
and ecological grounds. Relying on the wrong forests for energy
could wreak far-reaching ecological harm. -

Virgin forests in remote regions make up the biggest share
of the global forest inventory. But their potential as a source

-
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of wood energy is s small Tropical rain forests in the Amazon

in, Central and West Africa, and Southeast Asia dre shrink-

partlcularly rapidly as trees are loﬁ”d for timber. Refore-
statnon prospects in these areas are not bright since the trees
themselves, rather than the soil, contain much of the rain
forests’ nutrients. While dispersed tropical populations face no
fuelwood crisis, these remote expanses are being eyed by gov-
emment energy planners for large-scale energy schemes. Yet
caution is the watchword. No more biomass should be removed
from most of these lands for energy purposes until other pres-
sures wane and the ecology of tropical rain forests is better
understood.3?

In the northern hemisphere the vast forests covering much
of the Soviet Union, northern Europe, Canada, and the United
States have actually expanded slightly over the last half century
as some farmland returned to forest. Although this resource is
vast, much of it is located far from potential markets. Then too,
forest regeneration in the thin soils and cold of Siberia, Alaska,
and northern Canada can take up to a hundred years, makmg
these forests practically nonrenewable.38

Commercial forest lands that supply lumber for contructlon
and pulp for paper making represent a more likely source of
wood energy. The most readily available source of wood energy
is the vast quantity of branches, bark, and roots left in the wake
of lumber and pulp harvesting. Thus, the rising demand for
lumber and pulp could actually increase the amount of wood
available for fuel by motivating forest managers to thin slow-
gi'owing,“diseased or otherwise unmarketable trees for use in
energy conversion. In the Unifed States, the Office of Technol-
ogy Assessment estimates, wood contammg the equivalent of
2.5 percent of U.S. annual energy use is left to rot or is burned
at Jogging sites during lumber and pulp harvests. Were lumber

. and pulp consumption to double as projected for the year 2000,

.
- -

the amount of wood cut but left unused in the nation’s forests
would increase by 2.5 to 5 times.3?

s .
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At what environmental costs could these forest residues be
removed? And what would the benefits be? In the short-term,

clearing the land of dead limbs and branches improves some

" wildlife habitats, reduces the outbreak of forest fires, and makes
tree planting easier. But over the long-term, soil productivity
‘will suffer if the limbs, leaves, and roots that contain most of
the forest system’s nutrients are removed. Where clear-cutting
is practiced, removing loggmg residues accelerates the erosion
of the topsoil upon which all forest life depends.40

Removal of logging residues for energy use will clear the air
some. Currently, branches, leaves, and stumps of harvested
trees are often collected into piles and set on fire. Smoke from
these open air fires contributes heavily to air pollution in such
diverse locations as Malaysia, Colombia, the northwestern
United States, and eastern Canada. Compressed into pellets or
" gasified, such logging residues could be cleanly and produc-
tively burned.

Removing dead trees and perlodncally clearing the brush
could make herbicides largely unngcessary, too. As it is, timber
and pulp operations, particularly in the United States and
. Canada, depend increasingly on the aerial spraying of herhi-
cides to kill species that compete. with commercially valuable

species for light, soil, and water. What repeated Herbicide - '

applications will do to forests, no one can say for sure. But
several widely used phenoxy herbicides (such as 2, 4, 5-T, and
Silvex) are thought to cause cancer, birth-defects, and other
health problems in_people.41 .

As for productivity, intensifying silviculture on commercial
forest lands can expand the supply of lumber, fiber, and fuel.
Large pulp and paper companies have begun genetically
manipulating trees and practicing short-rotation tree farming
to raise output. Scientists at W.eyerhaeuser predict that tree
production could be doubled if the genetic techniques success-
fully employed in agnc;ulture are used. In another intensifica-

tion ePfort U.S. Forest Sétvice scientists-have increased wood
'l R
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_yields of poplar three to five times beyond those of wild timber

stands by planting trees close together and harvesting them
. when they start to interfere with the growth of adjacent trees.
Sweden, whose forests are among thé world’s most intensively
managed, has launched a broad investigation of machine-har-
_ vestable species that grow rapldly and regenerate w1thout re-
planting.42

Although most advanced tree farming is being done by tim-
ber and pulp companies to supply their traditiona} markets,
foresters in several countries are also at work on fast-rotation
tree farming for energy. That both groups are at work is impor-
tant since timber and pylp-oriented silviculture is only partially -
applicable to energy silviculture: The energy content of plants
is seldom mafimized in the effort to increase ﬁber quality and
wood strength.43

The,most 1mportant constraint on the general prospects for
energy plantations is cost. If lumber and pulp sales are not
combined with fuelwood sales, harvesting even fast-growirig
trees for fuel use is uneconomlcal However, if mechanical
harvesters can be tailored to'a given species, and if genetic
improvement continues, erergy plantations will become more
economic. But the calculation may be moot: As lumber and
paper grow more expensive, multiple-use snlvnculture becomes
more appealing still. 44 ‘

Another way to increase forest productmty is to plant hlgh '
yielding exotic tree species. Indeed, to.accelerate forest re-
growth, scientists have searched the earth for faster growing,
hardier, and more productive tree species. Among the several -
dozen promising trées located, Eucalyptus is planted most .
widely throughout the world for fuelwood production. The "
various species of Eucalyptus—all native to Australia—have
adapted to environments as diverse as the cool highlands of the
Andes and the moist equatorial lowlands of Amazonia. Its
adaptability, drought resistance, rapid growth, and régenera-
tive ability explain its popularity. In Brazil, where annual yields
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average 12 tons per hectare, Eucalyptus is cultivated for char-
coal and for methanol production. There and elsewhere, Euca-
lyptus cultivation is likely to expand dramatically since manu-
facturing 300,0c0 gallons of methanol a day, for example,
requires planting 72,000 hectares of Eucalyptus each year for
feedstock .45

Next in importance among the species with widespread po-
tential is the leucaena tree. Leucaena—with such regional ali-
ases as the Hawaiian giant, koe haole, or ipil-ipil—is a native
of Mexico. One of the world’s fastest-growing trees, it can grow
20 meters tall in six years. A leucaena plantation can annually
yield up to so fons of per hectare, five times the average
emperate regions. Leucaena’s root
with nitrogen—a boon in agro-
forestry schemes. In Sevedoutheast Asian countries, it pro-
vides shade for coffee and cacao groves. In northern Australia,

leucaena is intercropped with pangola grass to make nutritious

foddér for cattle.46

Tree plantation schemes do entail potentially high ecological
costs. The continuous removal of trees chosen for fuel value
will probably deplete soil nutrients more rapidly than tradi-
tional silviculture combined with residue removal does. In
short-cycle energy plantations, cutting takes place every five to

ten years (compared to thirty to one hundred years in tradi-

tional commercial forests). Then, too, while the nutrient drain
is minimal when stems and leaves are left on the ground, in
short-rotation energy plantations the younger and more miner-
al-rich trees are removed.4? .

Monocultural (one-species) forests also tend to, need extra
pesticides to combat the diseases and insects usually held in
check by the more complex ecology of natural forests. Mono-
cultura] fuel plantations also fail to provide habitats for the
thousands of plants and animals that inhabit natural forests.
Simply removing dead wood from forests takes its toll on the
likes of owls and woodpeckers, the natural enemies of rodents

13y
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and harmful jnsects. Such birds nest in cavities of old or dam-
aged trees that are prime targets for woodchip machines and
. for firewood scavengers. Southern Brazil's pine tree plantations
have been called “ornithological deserts” by Helmut Sick, a
leading Brazilian bird authority.48 ~
Both ecological and economic factors point toward the supe-
tiority of multiple-use, multiple-species forestry over one based
on monoculture. Much more research is needed to design
forestry practices capable of meeting rising demands for tim-
ber, pulp, and energy on a sustainable basis. Until this knowl-
edge is obtained and put to use, energy should be extracted
from the world’s virgin forests or tree plantations only cau-
tiously. '

Reforesting the Earth

For the foreseeable future, the most.important wood resource
challenge will be to plant trees and better manage forest lands
in populated areas. Both where firewood shortages loom and
where wood use is rising, trees ate being cut but not replanted,
used but not cared for. In populated rural areas near markets,
soil erosion and flooding are the upshot. The failure to plant
and care for trees in these fertile lands stands as a major barrier
to the widespread use of wood fuel.

~ While geonomic and environmental forces limit the use of
remote virgin forests and commercial tree farmis, the barriers
to greater wood harvests closer to home are social and political.
While many wilderness areas are publicly owned and large
corporations own most tree farms, ownership of those neg-
lected forests is distributed among millions of people,.few of
whom see trees as an important resource and fewer of whom
have the skills to husband the forest. Where the landless poor
rely on wood, those who go to the expense of planting trees
have no assurance that they will ever harvest them. New insti-
tutions—village woodlots, forest-owner cooperatives, and tech-
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nical extension services—are the keys to turping thése ne-
" glected lands into permanent wood fuel resources.

Before the fuelwood problem became widely recognized in
the 1970s, many developing countries had forestry agencies

that managed forest lands and replaced trees cut down for. |

tnmber and pulp uses. Traditional forestry of this sort focused

on the commercial explo;tatlon of the forests for export, not

on the wood needs of the rural poor. Some countries also
planted trees around villages where fuelwood needs pressed
hardest. But with few exceptions, these measures did not halt

the loss of woodlands. Newly planted trees seldom remained in -

the ground long enough to mature: They were either torn from
the ground by desperate villagers and used for cooking or eaten
by livestock. Gradually, foresters realized that villagers had to
take part in tree-planting efforts if trees were ever to take root.
Now tradltlona] forestry practices are being supplemented by
commumty forestry,” which emphasizes village participation
in the planting of small woodlots to meet local fuel, forage, and
timber needs.*®
Commumty forestry breaks with traditional “production for-
estry” by emphasizing the use of trees for multiple purposes
and the integration of tree growing with agriculture. Whereas
traditional forestry concentrates on monocultures and closed
forests, community forestry tackles chronic shortages of food,
fuel, and jobs. Yet this approach is not wholly modern. Inter-
cropping trees with crops is a traditional practice in some parts
of the Third World. In Malaysia and Indonesia tall trees valu-
able for wood are intercropped with coffee, tea, and spice
bushes that thrive in shade. In densely populated Java 81
“percent of the fuelwood comes from trees planted on the
margins of dgricultural land. Variants of agro-forestry include
"the Combretum/rice culture in Southeast Asia, the gum Ara-
bic tree~fallow system in Sudan and Ethiopia, and the coffee/-
laurel “system used in Central America. Elsewhere, trees
a planted along field boundaries. and irrigation channels ‘break

-
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the wind and supply fuelwood. In some tradxtlona agro-fores-
try systems, trees and fopd crops contnbute essential nitrogen
to’ the soil.5¢

Over the last decade community forestry has made a name
and place for itself. Bozens of national governments, interna-
tional assistance agencies, and appropriate technology groups
have started reforestation schemes -with differing degrees of

~ local participation, inttgration’with agriculture, and employ-

ment of exotic species. Somre such initiatives have e )oyed
complete success, others total failure. In any event, refersing
globa] deforestation means applying the lessons from these
programs on a vastly largér scale.®!

China and South Korea have most successfully mobilized
villagers to plant and care for enough trees to make a differ-
ence. Despite admitted false starts and regional setbacks, Chi-
nese officials tell visitors that tree cover in China has grown
from s percent in 1949 to 12.7 percent in' 1978, an increase
of 72 million hectares. Outside observers with less information
but less reason to exaggerate estimate that between 30 and 6o
million hectares have been reforested. Either way, the accom-
plishment is herculean—a tribute to strong central political
support and mass mobilization of village communities.52

Smaller but more rapid and therough has been South
Korea’s reforestation effort. Before 1973 all attempts at refor-
estation had failed. Then a new approach emphasizing local
participation was launched. Village committees with locally
elected leaders were set up and charged with getting private
landowners to plant trees on their lands. Since 1976 some
40,000 hectares per year have been planted, and by 1980 one-
third of the national land area was covered with young trees.>3

Village-based tree-planting efforts in India have been less
successful. In Gujarat an ambitious reforestation effort has met
with only partial success. By 1978 about 6,000 of the state’s
17,000 kilometers of roads and canals were lined. with new
forests plan%ad by hired labor, but the state’s attempts to imple-

-
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ment the social forestry goals set forth by the Indian govern-
ment in 1973 hive been less rewarding. Efforts to establish
wood fuel lots in Africa have fared even more poorly despite
the critical shortage of firrwood many African nations face. In
one World Bank-funded project to plant 500 hectares of trees
in Niger, the VIIIagers pulled the seedlings out and allowed
" uncontrolled grazing.in newly planted areas.>*

Whether village woodlot programs work depends heavnly an
how well the social structure works. In Korea and China the
difference between one villager's wealth and another’s usually
is small. In most Indian vfllages caste and economic divisions
are great, and cross-caste cooperatjon is rare.

Land-ownership patterns also affect the success of village

woodlots in many areas. Semimigratory Nigerian tribes must
leave woodlots unsupervised ‘much of the year Elsewhere, the
nationalization of Tand has weakened the villagers’ sense of
responsibility for the soil and their claim to the fruits of their

" labor. In Tanzania, where the land became state-owned in

1963, farmers do.not know if they will reap tree crops eight to
ten years hence. In Nepal the government denationalized some
forest lands once it became clear that.nationalization had con-
tributed to the abandonment of ¥illage woodlots. The reluc-
tance of Gujarat’s villagers to use woodlots has been attributed
to uncertainties about who controls the village commons. The
central government directed the commons to be used for wood-
lots, but villagers fear that the government may authorize some
other use before the trees mature.>>

The importance of social cohésion cannot be lgnored in
village reforestation projects either. Although attributing the
Chinese agd South Korean accomplishments to the “Confu-
cian traditlon” is simplistic, this explanation does contain an
element of truth. Tanzania’s woodlot program is modeled after
the Korean one, but tribal affiliations in Tanzania hinder com-
mon action for such a nontraditional activity as forestry. In
many wood-short areas of the Sahel, tribes have only recently,

P
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and with great difficulty, given up pastoralism for sedentary
agriculture. In such commuypnities social and cultural reorienta-
tion—no matter howdifficult—may be necessary before wood-
lots take root.5” ‘ SN

reness of the fuelwood crisis in the developing

\vated a few national governments to act. India’s
new five-year plan for 1981-1985 commits 1.5 billion rupees
(about $165 million) to village energy plantations and biogas
units, a rise from almost nothmg in the previous five-year plan.
These outlays are the first step in reaching India’s goal for the
year 2000—using biogas and fuelwood to replace all the oil
used to power pumps and agricultural machinery, so percent
of the kerosene used for cooking, and a quarter of the oil and
coal used to generate low to medium temperature heat in
industry.57 - '

The shift in emphasis toward forestry projects aimed at
fuelwood production, agro-forestry, and watershed protection
has also been marked at the World Bank. Although it budgeted
. almost nothing in the early 1970s for these activities, the Bank . °
" will loan about a billion dollars between ¥980 and 1985 Far
_more is neéded to establish adequate v1llage wood fuel schemes,
“but thé World Bank loans will launch cntlcal efforts in various
nations and ¢limates.?8

Increased support and attention: notwrﬁist’andmg, reforesta-
tion efforts in the developing world still lag far behind_need.
Experts who met'in Rome jn 1981 to aduise the United Na- .
tions on world ‘energy.needs prolected that worldwide refore-
station efforts would have to increasé by a factor of ten. The

- group estimated that Afghamstan and Ethiopia needed to in- -

crease replanting to fifty times current levels; India, fifteen’
times; and Nigeria, ten times. The Club du Sahel estimates -
that tree plantjng must increase in Africa’s Sahel by fifty times
to meet the needs of people there over the next twenty yedrs.

.- Globally, the group called for.spending to dgublé withirt five
years to $1 billion" annually, with roughly equal amounts com-

_14.4,- S -
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ing from the' World Bank, bilateral aid, and developing coun-
tries themselves.>9 .

In much of the Third World, extensive planting could check
widespread and serious ecological problems. Floods and erosion
follow' deforestation as day the night. Topsoil accumulates as
silt and mud in river beds, water overflows banks, inundating
cities and fields. In 1981 severe flooding in China’s Sichuan-~
province left 753 people dead and 1.5 million, homeless—

+ disturbing casualties of deforestation in the Yangtze River

basin’s upper reaches. The accelerated sedimentation of reser-
voirs is also drastically shortening the useful lives of dozens of
dams in developing countries—seventeen in India alone.6®
As in developing countries, the most important under-
utilized part of the wood resource base in the United States and
Canada is in the hands af small landowners. Currently, 58
percent of U.S. forestlands is owned by about 3 million small
private landholders, few of whom treat their trees as an
conbmlcally significant resource. Moreover, small private
holdings are concentrated in the East, where potential
markets are greatest and growth potentlal highest. Since the
average forest parcel is shrinking as old farms and estates are .
broken up, few landholders could wrest enough profit from
wood sales to justify their cutting, selling, and replanting their
trees. Nor are many likely to remain owners long enough to
reap the benefits of investing in timber stand improvement.
According to a recent forest industry estimate, only one gut of
nine privately owned acres of nomindustrial forest harvested in
the United States is being purposefully regenerated. Instead
the rising demand forwood fuel is taking its toll primarily on
poorly managed lands. In New England many<orest landown-
ers cut the wrong trees so as to make a quick profit—a surefire
recipe for a decline in productivity.6! ~ :
In North America the key tosmaximizing forest productmty
may be creating forest cooperatives composed of private land-
holders who hire a professional forester t6 manage their lands

&
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an,dlto oversee the thinning, cutting, and sale of wood ffom
many contiguous forest parcels. So far, the 165 tree coopera-
tives operating in the U.S. have dramatically increased the
earnings and productivity of previously neglected lands.62

Another prototypical initiative with promise is the New
England Fuelwood Pilot Project. Under this two-year-old U.S.
Department of Agriculture program, landowners receive both |
technical and financial help in eva]uatmg tree stands, con-
structing access roads, and marking trees for cutting. Fora net
cost to government of $1.4 million, the program has btﬁ‘ught '
20,000 acges under better management and has displaced the
need for 20 barrels of fuel oil each year for every acre of .
forestland treated—some 400,000 barrels overall. Expanding
this program to cover all small private land parcels would cost
less tl}:m $50 million a year, a bargain éznsidering the payoff.63

The Wood £nergy Prospect .

Already hi;h, wood energy use will almost cerfainly rise over

the next two decades. In industtial countries the use of woodg” _
is likely to increase by about 50 pércent by the year 2000 to
approximately 10 exajoules. Fuelwood use in developing coun-
tries will increase more slowly since demand is already pressing
against supply in many regions: Use will probably increase by
no more than one-third over the next twenty years to 38 ex-
ajoules. In all, global fuelwood use will reach ‘around 48 ex-
ajoules in 2000, comnpared to 35 exajoules today.64

The question more important than demand is suppIy How .
will a 40 percent increase be achieved? With extensive refore-
station, fuelwood use could continue upward after 2000, reach-
ing the global potential of over 100 exajoules by mid-century.
Without such prograims, fuelwood use could plummet after the
year 2000 as the resource base begins to erode.

The brighter prospect, of course, is wise management. Prop-
erly tended, commercial and’small forestlands could probably
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yield three times as much fuelwood without resorting to short-
" rotation or to cutting virgin forests. Yet productivity must be
raised gradually. A sudden rise-in demand for wood for fuel—
through crash programs to accelerate wood-to-methanol con-
Lversion or a boom in the use of inefhicient wood stowes—could
trigger widespread deforestation and send timber and pulp
prices soaring. And whether technological improvements in
tree breeding and a more sophisticated understanding of nutri-
ent cycles will allow further sustainable increases remains to be
seen. : A .
These short-term imperatives to plant more trees could in
the years ahead be joined by a global environmental one. In-
creased use of wood for energy could take on added appeal as
the search for a tdnic to the carbon dioxide (CO,) released
from fossil fuels becomes more urgent. Because trees -absorb
CO; and release oxygen, they are one of the few carbon sinks
humans can quickly alter—important since a net increase in
the standing stock of wood could slow down the “greenhouse
eftect.” Physicist Freeman Dyson estimates that fast-growing
. poplar planted over an area the size of North America could
absorb enough CO, to halve the annua’f’build-up. The green-
ing of Earth may thus emerge as a priority of governments
properly fearful of disruptive climatic change.65
How this wood is used will be as important as how much of
it is used and how it is ohtained. A concerted effort is needed
to increase the efficiency with which wood is burned, especially
in developing countries where the amount of usable energy
obtained from wood could be tripled by substituting wood
gasifiers, ¢harcoal, and efficient cook stoves for open fires. The
reservoir of energy literally going up in smoke in countless open
fires is far greatet—and more cheaply harnessable—than the .
entire consumption of fossil fuels in many developing coun-
tries. Modernizihg, not replacing, wood use is a far more criti-
cal national goal for most developing countries than.the pur-
chase of more nuclear power plants, oil refinéries, or coal

-
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mines. Such modernization could take pressure off dwindling
forests and give reforestation a chance to catch up with de-
mand. The pull of markgt forces, the availability of credit for
small manufacturers and users, technical extension and demon-
stration, and mass education camplfgns will all be needed to
accomplish this transformation of rural wood-burning prac-
" tices.
. By the same logic, wood should eventually be used in its
most productive form, probably methanol. Even with improve-
ments in combustion efficiency, direct combustion is likely to
become relatively less economical for heating and electricity
generation than solar collectors or photovoltaics. And biogas,
and wood gis could replace wood in cooking and small int‘l\us-*
try. Of course, the timing of the shift away from direct combus-
tion, and toward the greater use of liquid fuels will vary by
country agd depend on how fast oil prices increase, but will,
probably be under way by the 1990s in most countries. Because
most developing countries use so little petroleum and use so-
. much wood inefficiently, they could make the shift to meth-
anokpowered transportation systems first. These countries
have only small fleets of gasoline-burning automobiles to re-
 trofit, and most of their trucks and buses burn diesel fuel, '
which makes it easier to adjust them to use .methanol. : ,
The impact of such a strategy on the energy picture of one
developing country, India, reveals the strategy’s potential. Ac-
cording to Amulya Reddy, if biogas digesters were used to meet
domestic cooking néeds, some 130 million tons of wood cur-
rently burned for cooking could be converted into enough
methanol and wood gas to power all trucks, buses, and irriga-
tion pumps in India. Since producing wood gas and charcoal
involves destructive distillation of wood—the first step in me-
thanol production—these cleaner, more efficient forms of
wood use pave the way for methanol. And since two-thirds of
the oil India imports is used in trucks and buses, the large
amounts of money currently leaving the country to findnce oil

.
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imports could be diverted to the construction of methanol
plants.66 ;

In some industrial nations, the prospects for a wood alcohol
strategy are also bright. While Europe, Japan, and Australia do
not have enough forestlarid to supply substantial quantities of

‘wood energy, the United States, Canada, and the Soviet Union

do. The energy needs of the large automobile fleets in the
United States and Canada are gargantuan, but long-term po-
tential is also great. By 2020 these countries could derive as
much as 15 exajoules of wood energy in the form of methanol.

This ability to use wood alcohol to supplant increasingly

_expensive petroleum links the problems of the rural and urban

sectors. Indeed; solving urban energy problems will require
transforming rural energy-use patterns. Efforts by some Third
World countries such as Brazil, Kenya, or the Philippines to
ignore the subsistence sector’s energy crisis and to produce
electricity or liquid fuels from wood could well exacerbate the
far more serious rural energy crisis and prove uneconomical to
boot. As Gandhi said, the Third World will march into the
twentieth century on the back of a transformed rural sector or
not at all.

Despite wood’s potential to allevnate societies’ dependence
on scarce petroleum, wood has been passed over in the energy
policy debates of the 1970s. In the northern industrial coun-
tries the wood renaissance of the late 1970s has gone largely
unnoticed by energy policy makers, most of whom omit wood

om national energy-use inventories. This myopia is particu-
larly startling in the United States where in 1980 wood sup-

"plied more energy than nuclear power, which has received $47

billion"in government subsidies. In the developing countries

. national planners took note of wood only when the mismatch

between demand and supply gave rise to widespread hardship.
Today it is obvious to those who look that wood should be
front-and-center on the energy agendas of many nations
throughod‘t the world.67
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. mong renewable energy. sources, fuels from plants—bio- -
mass—most defy generalizations. Beyond wood, hun-
dreds of other diverse plant species can be converted to many
different energy forms using a variety of technologies. Some
biomass energy sources are as old as history, while technologies
for using ‘others are emerging at the frontiers of advanced
research. The technical ‘feasibility, economics, and eriviron-
mental impacts of using some biomass resources are common
knowledge. A shroud of uncertainty, hangs over others.
In one way, though, all biomass sources are alike. None
needs expensive manmade collection systems to’ gather the
sun’s energy, or costly storage systems to compensate for the
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intermittent nature of solar radiation. Moreover, all are versa-
tile. Biomass feedstocks ¢an be processed into liquid, gaseous,
and solid fuels.. ' ]
Widely used today, biomass energy promises to be even
more widely used in the future. In the rural Third Waorld,
wood, crop residues, and ﬁng’are the major energy sources.
Urban refuse containing biomass supplies energy in many cit-
ies. And some energy supplies are obtained by converting waste 5
to methane and growing crops ‘especially to produce alcohols
" All energy contained in plants comes from the sun. Plants -
. convert about 2 percent of the energy in light into chemical
‘energy via photosynthesis. In photosynthesis plants absorb at-
mospheric carbon dioxide, free the oxygen, and build living
matter with the carbon. In the most biologically active 1 per-
cent of the earth’s land area, plants evéry year capture and store
about 530 exajoules of energy, 50 percent more than annual,
world energy use. This energy is the foundation of the food
chain that sustains life on earth. It can also be tapped for other
human- uses.} . ' . N
Y 7 How much of this ehergy can be hamnéssed economically and
safely can be determined only by research and a close examina:
tion of the earth’s biomass resources. "’

i

. The Ethanol Booni : -

“The.oil crisis of the 1970s friggered a global scramble to find
new sources of liquid transportation fuel for the more than 400
million cars, trucks, and tractors in use worldwide today. Sev-
eral governments began underwriting ethaffo] produced from
corn and sugar crops. The two largest efforts, those in Brazil

. - and the United States, have concentrated on producing

ethanol to blend with gasoline and sell as “gaschol.” (Ethanol - =« |
or ethyl alcohol is found in all dlcoholic beverages.J Attempts .
to use pure ethanol and oil crops on a commercial scale are .
afoot in several countries. Yet alcohol fuels contribute signifi-
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" cantly to the energy supply equation in only a few nations.
" Their wider use awaits improved economics, thore efficient
conversion techniques, and cheaper feedstocks.?

The use of ethanol as a motor fuel is almost as old as the
automobile itself Fearing an impending oil shotage and hop-
. ing to stimulate demand for farm products, automobile pioneer
Henry Ford promoted gasohol during the eal'ly twentieth cen-
tury. During the Great Depression the Chemurgy Movement,
a group of scientists and farmers trying to buoy depressed
agricultural prices by developing industrial markets for crops,
‘also favored alcohol fuels.<Use of ethanol as.a gasoline extender
was widespread in the U. S. Midwest, with more than 250
dealers of so-called “Agrol” in Nebraska alone in ¥935. During
the 1930s and 1940s ethanol-gasoline blends were used in more
than forty countries, but falling prices and abundant petroleum
supplies wiped out”the nascent alcohol fuels industry, after
World. War I1.3

The use of ethanol as a gasoline additive particularly appeals
to oil- lmportmg nations because it can 1mmedlately reduce
gasoline consumption. Doing so requires no major retooling of
the automobile engine, no new fuel-stoere\a_rlcl_ch\stlrilbutlon
system. Blending ethanol with gasoline also. maximizes the
energy value of both fuels since ethanol boosts gasoline’s oc-
tane level. Mixed with gasoline, a gallon of ethanol provides
almost twice the energy that straight alcohol would.

“Part’of ethanol’s ‘appeal is the established character of al-
cohol-production Yechnology—the foundation of the alcoholic
beverage mc]u:?/ Ethanol (ethyl alcohol) is produced either
directly from sdgar by fermentation or from starches that are
first converted to sugar and then fermented. Ethanol can be -
derived from three main categories of food crops. sugar crops,
such as sugarcane, sugar beets, and sweet sorghum, root crops,
mainly cassava (manioc), and all ma]or ceregls. The cost of the
feedstock is usually the largest cost in ethanol production.#

The prospect of substituting alcohol for petroleum has gen-

4
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erafed intense debate about the “net energy balance” of corn-
alcohol production! Some critics of alcohol fuels argue that
producing alcohol requires more energy than the alcohol con-
tains. Part of the confusion arises from a failure to distinguish
between the energy yield and the liquid fuel yield. The U.S.
Department of Energy found that producing 100 Btu’s of
cthanol from corn required 109 Btu's—44 Btu’s to grow the
corn and 65 Btu’s to produce the alcohol from it. If the energy
value of the byproduct, distillers grain (a fermentation residue
that can be fed to livestock) is added in, there is a slight net
energy gain of 5 percent. If alcohol is produced in an oil-fueled
distillery, however, there is no net gain in liquid fuel. But if the
distillery is powered by coal, wood, or solar energy, then at least
2.3 gallons of liquid fuel would be produced for every gallon
consumed. In short, only properly designed alcohol production
based on abundant solid fuels, waste heat or renewable re-
sources will displace liquid fuels from petroleum.®
Technological advances could well improve the efficiency

.and thus the economics of alcofiol production. By far the most

energy-intensive aspect of alcohol production involves separat-
ing alcohol from water through distillation. The’ prospect of
using membrayes that permit the passage of alcohol-but not
alcohol scientists. ‘Dr. Harry Gregor of Co-
calculates that by using special plastic mem-
branes producers tould bring down the energy cost of recover-
ing pure alcohol from fermentation liquids to about 0.6 percent
of the alcohol fuel'value. Other investigators-are exploring the
use of dessicants, solvents, and molecular sieves as alcohol
purifiers.6 ’ S

Besides investigating new ways to improve traditional sugar--

" to-cthanol technology, scientists are refining technologies to

convert cellulose intc ethanol. In principle, this is easy enough
since cellulose is nothing but complex sugars bound togetheér

by a substance called lignin. Cracking lignin’s hold on thc,sé

sugars is not easy, however. One very inefficient chemical pro-

R
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cess, acid hydrolysis, is used in fifty Soviet plants to convert
wood chips into sugars that are fed to protein-rich microorgan-
isms that are in turn fed to cattle. Use of acid hydrolysis to
produce sugar for fermentation to alcohol is not currently
nomical, but would become so if conversion technologies were
improved. Other cellulose-to-ethanol technologies employing
‘bacteria, viruses, and enzymes are being scrutinized by Brazil-
ian, American, and Canadian scientists.”

Among the counﬁfés producing ethanol for fuel, Brazil is
the unquestioned leader. Forced toimport 85 percent of its oil, -
Brazil launched its alcohol fuels program in 1975. The goal is
to attain sélf-sufficiency in automotive fuel by the century’s
end. Between 1975 and 1980 alcohol production leapt from
641 million liters to almost 4 billion liters (1.3 billion gallons),
, and the number of alcohol distilleries jamped from 25 to 300.
Alded by government subsidies and cheap loans for car pur-

) chasers the Brazilian subs1dlary of Volkswagen ‘produced over

260,000 automobiles designed to run ori pure alcohol. In all,

* over $2 billion in'government subsidies have been invested in

alcohol production and consumption, much of it raised from
taxes on petroleum produets. By 1985 Brazil hopes to be pro-
ducing 10.7 billion liters of fuel alcohol8.

Although the primary goal of the Brazilian'alcohol fuels plan
is to reduce oil imports, the government also hopes that the
program will create jobs, reduce the flow of people to the cities,
improve income distribution, and promote a more regionally
balanced economy. According to World Bank estimates, the
program will create about 450,000 jobs between 1980 and
-1989. A sore point, however, is that the plantation-style cultiva-
tion of sugarcane and the construction of large distilleries may
havé exacerbated alteady unconscionable income disparities in

. many rural areas. (Brazil’s richest fifthi has‘tfnrty-sxx times more

-+ income than the poorest fifth.)?

Brazil’s alcohol fuels program could also drive up food prices.”
Accordmg to a 1975 World Bank study one-thlrd of all Brazil

1
1
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ians have barely adequate nutrition. If Brazil were to achieve
self-sufficiency in automotive fuels through sugarcane alcohol
production, 2 percent of Brazil (an area half as large as all
- cultivated cropland’in the country) woiild have to be planted
in sugarcane. Producing 107 billion liters of alcohol by 1985
wil] require the cquwalent of 10 percent of Brazil’s cropland.
" Already at least 600,000 acres once devoted to rice, wheat, and
pastiirés have been planted in sugarcane.10
" Brazil’s alcohol zuels program also faces economic problems.
Originally intended to-raise depressed sugar prices and export
earnings, the program may in one sense have succeeded. By
genérating new demand it brought sugar prices up from $200
per ton in 1975 fo around $800 in early 1981 At ‘this price,
. exporting sugar and buying oil makes more economic sense
- than producing-alcohol to displace imported oil. 1

Another, factor at play in Brazil’s alcohol fuels venture is
pollutlon Far every liter of a]cphol produced Brazil's distiller-
ies'create 13 liters of “swill,” a toxic organic pollutant. If Brazil
meets its 1985 ethanol goal, distilleries will produce 35 billion
gallons of swill, double- the amount of sewage Brazil's 126 _
million people produce. Because substantial inyestment, in
treatment facilities may be needed to avoid severe water, ,ppllu-
tion, many expérts doubt that Brazil can reach the ambitious .-

“1985- goal.12 -

Brazil’s govemment has alr&dy approved eriough dlstlllery
projects to produde 8.3 billion liters of alcohol, but will there
be enough sugarcane tosupport productlon at that level? As of
1980, 2.5 million hectares of sugarcane were under ¢ultivation,

_but’4.5 million more will be needed.to meet the 1985 goal.13

The United States also has been driven by heavy depen-
dence on foreign oil to embark uport 4n ambitious alcohol fuels
program..In 1978 every gallon of gasohol containing alcohol "~
from nonpetroleum sources was declared exempt from the 4¢
federal gasoline excise tax; Tweénty-two states also partially or
wholly exempted gasohol from state gasoline taxes. In some the

- -
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combination of federal and state tax incentives exceeds $1 per
gallon for alcohol used as automotive fuel. In 1980 President
Carter, announced a goal of producing two billion gallons of
ethanol by 1985. Congress then took the initiative a step far-
ther, proclaiming a goal of 10 billion gallons by 19g0. If the
1990 goal is met, alcohol will account for just under 10 per-
cent of the 110 billion gallons of gasoline consumed in the
U.S. in 1980, a quantum increase from the less than 100 mil-
lion gallons of alcohol produced in 1979. By late 1980
some 2,500 retail d@alers were selling gasohol. In 1974 none
did.14

The U.S. alcohel fuels program has centered on corn-based
ethanol, largely because corn is so abundant and the farm lobby

s so powerful. The U.S. farm community sees ethanol fuel as

a way to increase demand for corn and, hence; corn prices. Yet
corn has other highly valued uses and represents only a tiny
share of the U.S. biomass potential. According to U.S. Office
of Technology Assessment estimates, ethanol from all grains
probably cannot supply ‘more than 6 percent of the biomass
energy potentially available in 2000, Yet ethanol from corn has
absorbed well over half the federal funds earmarked for energy-
to-biomass projects.}® -

Growing interest in alcohol fuels in the U.S. has kindled a
lively debate over the relative efficiencies of small on-farm and
large central plaqt production of alcohol. Large plants seem
best suited to make the final ,highly energy-intensive distilla-
tion of 160- or 180-proof hydrous (water-laden); alcohd! into the
200-proof waterless variety blended with gasolme But frans-
porting enough feedstocks for large plants is expensive, and
mammoth operations are vulnerable to drought-induced short-

. ages and high prices. Smaller on-farm plants could handle the

initial processing, but unfortunately the principal alcohol sub-
sidy—exemption from the federal gasoline.excise tax—is avail-

- able only to farmers who sell their product on the market.

A
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Some 95 percent of fuel ethanol produced in 1980 thus came
', from six companies, dnd thousands of on-farm producers, got
no federal subsidy for their efforts.16 » ‘
[If the Brazilian alcohol fuels program threatens the\:)od
. supply of Brazil's poor, the U.S. program could send the prices
of grain and grain-fed meat up all over the world. Since mid-
century, the U.S. and Canada have increasingly dominated the
world grain market."While distillers grain is a protein-rich
‘cattle feed, the feed market can absorb only so much of this
byproduct. Then too, most of the corn’s calories are lost in
alcohol production. Economist Fred Sanderson of the Brook-
ings Institution predicts that ethanol production above 4 bil-
lion gallons a year will drive up corn prices. If gasoline prices
i the United States reach $3 a gallon, as they have already in
many countries, distillers could afford to pay $6 per bushel for
corn without subsidies and credits. At these prices, U.S. corn
—a staple of human consumption in some parts of the world
_and a source of animal feed in many others—would more than
double in price.1’ , .
Déspite its immense popularity in the corn belt, grain-based
gasohol is unlikely to radically alter the U.S. liquid fuels pic-
ture. Long before gasoline price increases miake large-scale use
of ethanol attractive without federal subsidies, demand for
gasoline is likely to plummet due to conservation. For the
foreseeable future, investments in reducing fuel e will be
cheaper than new fuels. The overriding fact is that current U.S.
consumptign of liquid transportatien fuels is too large to be put
on"a sustainable basis.18 .
Long-term prospects for the Brazilian gasohol program are
considerably better since Brazil can produce more but needs

less liquid fuel than the U’ni,gec'l States does. (See Table 7-1.)

_ Furthermore, Brazil has subsféntial quantities of ungtiltivated
land, whereas the United States does not. But in neither coun-
try can the prospects for the present goals be dgscribed as

r
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bright. In both usmg dlvcrsc feedstocks and i improving pro-
duction efficiency holds the key to longer-term success.

Tablg 7. 1. Gasohol Prospects:

‘1980 fuel '1985 godl, 1980 total 1985 godl as
. alcohol alcohol gasoline  percentage of-'
., production  production use 1980 gasoline use

(billioft gallons) ' {percent) .
. Brazil . L3 5 10 ’ 50
* United States  .250 2 10 -, 2

Soutce. Worldwatch Institute from U.S. and Brazilian goveni%t\documcnts. )
Exploiting a Many-Sided Resource Base

The limited longer-term prospects for the Brazilian and Ameri-
can ethanol-from-sugar and ethanol-from-corn programs have
stimulateda thorough search for better energy crops. The ideal
one would grow well on marginal land, require little energy or
capital for conversion, thrive without fertilizers, and protect
the soil from erosion. While research in this area is unsys-
tematic and underfunded, a surprising number of promising
plants have been found. Among them are cassava, Jerusalem
" artichokes, coconuts, and sunflower seeds. Researeh efforts are
also under way to determine whether some crops can be grown
on arid lands, in waterways, and in the oceans. |

In this rugh the environmental stresses from the large-scale
cultivation of any one species cannot be ignored. Thus, no
single ideal energy crop has been or is likely to be found.
Instead, energy farming will have to rely upon a much more
diverse plant base thfan contemporary agriculture does.

With sugar prices rising, Brazil has already begun to use
cassava as an alternative feedstock for alcohol fuels. Unlike
sugarcane, cassaya can be grown on marginally productive land,
of which Brazil has plenty, and stored in tropical climates
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without decaying rapidly. Su!ar’s advantage over cassava, how-
ever, is the ease with which the cane waste (bagasse) can be
burned to distill the fermented alcohol. More important, cas-

sava is a staple in the diet of poor Brazilians, so diverting it to .

energy production could reduce food supplies.??

Researchers in several nations have identified plant oils that
can substitute directly for petroleum-based diesel'fuel. A boon
is that such vegetable and palm oils are ready for use without
energy-intensive dxstlllatlon Simple and inexpensive crushers
alone can turn some oil-bearing seeds into fuels for on-farm
use.20

Brazil's effort to replace gasoline with ethanol has been $O
successful that the diesel fuel needs of Brazil's large truck fleet
now account for one-third of Brazil’s oil use. Consequently,
Brazil hopes by 1985 to plant 4 million acres with dende palms
—the oil of which can be mixed with diesel fuel or used alone
.in conventional diesel engines with minor modifications—to
meet 10 percent of the country’s diesel fuel needs. The success
of this plan, is far from assured, however, since large-scale

" cultivation of the dende palm has never been attempted and |

the trees take five years to mature.2!

Efforts are under way in North Dakota and South Africa to
use sunflower seed oil in diesel engines. South African farmers
and the North Dakota State Extension Service have success-
fully tested sunflower seed oil in farm equipment, and studies
indicate that corn farmers could power all their farm equip-
ment with oil grown on 10 percent of the land théy cultivate,
A selling point is that sunflowers can be grown on poor land
with minimal amounts of water. A drawback is price—today
sunflower oil costs roughly twice as much as diesel fuel.22

The Philippines is successfully substituting coconut oil for

diesel fuel. Cocodiesel, as the one-tenth coconut oil mixture is |

called, burns well in standard diesel engines, though start-up in
cooler weather is sometimes a problem. In all, cocodiesel is

-

159

-




146 Renewable Enexgy .

ideally suited for use in ships, factories, and trucks. Because

almost a third of the country’s people depend on coconut oil
for a living and the world price has dropped, the government
is eager to boost coconut oil prices. As with corn in the U.S.
and sugar in Brazil, the cocodiesel program is an attempt t6
boost agricultural income by creating a2 new market for farm
products.2? ' -
Grasses also hold considerable potential as liquid fuel feed-
stocks. Although grasses are needed to support meat- and milk-
producing animals, they can be.grown on marginal soils with
few energy inputs and harvested without destroying all ground
cover. Like wood, they can be gasified or converted to meth-

"~ anol for use in crop dryers and irrigation pumps. Grasses also

“them with hutrient-depleting food crops. According to the
U.S. Officé of Te no]ogy Assessment, an estimated 1.4 to 2.9
exajoules of energy in the near-term and 5.3 exajoules by 2000
-could be produced from grasses.24

The search for suitable biomass feedstocks has also focused
on crops that grow on arid land. Some desert plants contain
complex hydrocarbons almost identical to crude oil, and they
do not have to be fermented to yield usable energy. A]ong with,
the jojoba bean and the copaiba tree, the gopherweed—a vari-
ety of milkweed that grows wild in the American Southwest—
has attracted the most interest. University of Arizona scientists
have found that one acre of gopherweed can annually produce

. add nitrogen to thtzsoll so a wise strategy would be to intercrop

" nine barrels of oil, a yield that plant breeders expect to increase

to at least twenty barrels per acre at a cost of about $20 per’
barrel. Jack Johnson, director of arid lands studies at the univer-
sity, estimates that gopherweed farms three times the size of
Arizona’s current agricultural acreage would require no more

water than farming now takes and could meet all the state’s |

liquid fuel needs. For the millions living in poverty on the
world’s arid lands, the gopherweed could provide badly needed
income and emp]oyment 25
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Another strategy for producing fuels from biomass is to mix
new energy crops with traditional food crops. Using land for
such multiple purposes—called polyculture—could over the
long term reduce food-fuel competition and enhance soil pro-
tection. This will mean tuming to agro-forestry techniques
such as those increasingly employed in developing countries. In

* the United States a good agro-forestry bet is the honeylocust,

a leguminous tree that grows well in various climates and on
rocky or easily eroded land. In Alabama one acre of trees has
yielded 8,500 pounds of pods each year with a sugar content
of up to 39 percent. Other energy crops can be grown under
honeylocusts. Another intriguing prospect is the mesquite tree,
which produces sugar-rich pods as well as wood in dry reglons
of Mexico and the U.S. Southwest.26

Besides using the output of the world’s crop and forest lands
for energy, sunlight falling on the earth’s waters can be, col-
lected for human use by various fast-growing plants. Two ex-
straordinarily prolific aquatic plants, the water hyacinth and
ocean kelp, have tantalized researchers with the prospect of
turning lakes and oceans into biomass energy plantations. Al-
though aquaculture and mariculture are still infant sciences,
the long-term prospects for harvesting aquatic plants for energy
are great since these plants do not compete with food crops for
fertile land, fresh water, and fertilizers. Water hyacinths can

" convert polluting sewage wastes into protein-rich biomass even

as they'generate energy, and kelp and other seaweeds have long
been used for food and chemicals in Asia.

Yet, aquatic plant cultivation is no surefire economic propo-
sition. Scientists estimate that a kelp farm covering 46,000
square kilometers—an area the size of Connecticut—would be
needed to. produce as much methane as the United States now
uses, and while estimates of the cost of methane from kelp are
still speculative, it is sure to be several times higher than cur-
“rent natural gas prices. Since kelp beds attract and sustain
luxuriant fish populations, kelp’s energy contribution may be
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patt of integrated ocean aquaculture ventures producing sea-
food, €nergy, chemicals, and animal feeds.2? '

A first step in harnessing new biomass energy sources would
be inventorying the earth’s plant resources and their potential
as energy produgers. Of the hundreds of thousands of plant

.

species on earth, only a few dezen are culfivated for food or .

fiber. Why assume the best food crops are also the best energy
crops? Surveys of plants suitable for fast-growing firewood culti-
vation conducted by the U.S. National Academy of Sciences
have located several underutilized species. Especially needed
are inventories of tropical plants, since rain forest destruction
threatens the survival of fhany unexamined species.28
Plant-breeding technologies successfully employed on food
crops may also be capable of improving the energy yield of
plants. In the United States, for instance, the per-acre yield of
corn has been increased from 30 to 100 bushels in the past fifty
years. But such yield increases cannot occur without a diverse
genetic base, so the need for new énergy sources is another
reason to preserve the earth’s threatened genetic resources.2?
Recently developed techniques of gene splicing may also
increase the energy productivity of plants. Instead of merely
selecting and concentrating genetic information found natu-
rally in a given species, recombinant DNA techniques will
enable scientists to transfer the genes of one plant species to
another, creating an entirely new speciés or endowing an exist-
ing species with new characteristics. Genetic engineering is
still a budding science, but it could well revolutionize biomass-
energy prospects. Of course caution is required since an error
could have such severe environmental consequences.30

Agricultural W‘aste‘s: The Forgotten Asset

.Most people view organic wastes from plants, animals, and

humans as a nuisance. But such wastes contain enough energy

" to alter the energy picture in many agricultural areas. Where
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firewood, is in short supply, animal wastes and crop residues are
already being burned extensively to cook food and provide
warmth. In India cow dung and crop residues account for 10
percent of the country’s total energy supply and 50 percent of
rural household energy. On a worldwide basis it is estimated
that cow dung and crop residues supply the energy equivalent
of 257 million metric tons of coal—2 percent of total world
energy use.?! )
This gift of nature has its price. In many areas of the Third
World soil quality and the productivity of agriculture dre being
undermined as more people turn to organic wastes for fuel.
When crop and animal wastes are burned, most of their fertil-
izer value is lost, depriving the soil of nutrients needed to
sustain plant life. In Bangladesh, .where rice straw is being.
diverted from cattlefeed to stoves, fewer cattle can be sup-
ported so less manure is left on the ground to fertilize the soil. ”

Worldwide, “the use of livestock droppings as fuel is estimated .

to lower annual grain production by some 20 million tons,
enough food to minimally nourish 100 million people.32
Fortunately, a simple biomass-conversion technology, the
biogas digester, apens the way for developing nations to in-
crease the energy value of rural agricultural wastes without

‘incurring heavy costs. Cut down to basics, the biogas digester

consists of an airtight pit or container lined with brick or steel.
Wastes put into this container are fermented anaerobically
(without oxygen) into a methane-rich gas of use in cooking,
lighting, and electrical generation. The residue makes an excel-
lent fertilizer, too. If they had biogas digesters, the rural poor
would no longer have to confront the Hobson’s choice of
deciding between .today’s cooking fuel and tomorrow’s soil
fertility.33

By converting organic wastes into biogas, developing coun:
tries could simultaneously meet pressing needs for jobs, fertil-
izer, and gnergy. V. V. Bhatt of the World Bank estimates that
in India 26,160 biogas digesters could préduce as much fertil:
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izer as a large coal-fired fertilizer factory, at roughly the same .
cost. The biogas digesters would provide 130,750 jobs; the
coal-fired plant 1,000. The digesters would yield as much en-

ergy as a 250-megawatt power plant, while the coal-fired fertil-

izer factory would consume enough fuel to run a 35-megawatt
- plant.34

Another benefit of the biogas optlon is that biogas fermenta-
tion can prevent the spread 6f schistosomiasis and other dis-
eases carried by human wastes since it kills the pathogens
wastes contain. Digesters can_produce enough valuable gas to
defray the costs of latrines and water pipes, and they can”
reduce the odors that make latrine use unsavory for those who
have long used the bush instead. Unfortunately, development-
investment decisions are made by agencies with only one goal
‘in mind. Too often, therefore, only one bird. is killed with the
stone of scarce capital resources.?5

Biogas technology does have its share of bugs and break-
downs. Fermentation tends to stop in cold weather, and adding
insulation sg fermentation can go on year-round in cold cli-
mates adds to the cost of the systems. Another problem is
keeping detergents pesticides, and air out of the digesters. In
all, though, the skills needed to-build and operate a digester are
considerably less than those needed to operate a diesel pump
or a motorcycle.

The most important constraints to greater biogas use are
social. Traditional taboos and customs concerning animal and
human waste disposal are powerful disincentives. In Tslamic
countries prohibitions against céming into contact with swine
limit the use of abundant animal wastes. In sub-Saharan Africa
a taboo against handling wastes in general works againt the
.adoption of biogas technology. In China, by contrast, the\|ong-

! - established practice of collecting mght soit” for fertili

made introducing biogas units simple.?6 . .
Another thorn is that unless equnty concerns attend technol-
ogy transfer, bjogas units can actuallx harm the rural poor gn’d\

e
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_exacerbate the ecological .problems poverty creates. In India
_ the promotion of household rather than village-sized biogas
digesters in rural areas has often worsened the plight of the very
poor, who cannot afford single-family units. and yet depend
upon dung collected from the streets for cdoking fuel “When
the more affluent animal-owning villagers butld “gobar” units,
.as the Indians call biogas digesters,—t—k&d{ng from their animals
becomes a valued resource no longer shared with the poorest |
of the poor. Denied access to free dung, the destitute forage ‘
.more firewood, thus worsening deforestation and soil erosion.
" Community-sized digesters—into which the very poor could
put scavenged biomass in'return for access to common cooking
and wishing facilities—would alleviate both problems.?? .,
The’potential to use biogas digesters in many Third World
countries i§ great, but only China has applied the digesters
widely. Chinese leaders began promoting the use of simple
biogas digesters to combat rampant deforestation caused by
firewood use, declining sl fertility resulting from burning crop
residues,.and pTervasive rural air pollution from cooking fires. So
far the Chinese have built 7 million biogas digesters—enough
fo meet the energy needs of 35 million people. Altogether,
Chinese biogas digesters produce the energy equivalent of 22
million tons of hard coal. The government’s goal of 70 million y, '
digesters by 1985 could be met since 70 percent of China’s
biogas digesters are located in Sichuan, and many other Chi-_
nese provinges have equal or greater potential for the use of
biogas. Although the present Chinese leadership has decided?
that many small-scalé rural projects are inefficient, suppost for
biogas still runs high. Despite these pluses, Chawatcher;

.

Vaclav Smil doubts that the 1985 goal will be met.38
China’s formula for success has two elements. ‘©ne is the ,
mobilization of local labor and the use of local materials. The y
" other is an aggressive government effort to transfer technology '
" from universities and laboratories to the rural areas where 8o
percent of all Chinese live. Some 200,000 Chinese villagers
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'have attended one-month training codrses on the essentials of

digester technology dnd then returned home to supervise con-
struction and teach others.39

Use of biogas generators in India has a long, checkered
histoty. Since the late 1940s, the Khadi Village Commission,
a government group attempting to implement Gandhi’s ideas
about village industry, has helped ipstall over 7s, 000 biogas
generators. But India does not have as many pigs as Chma——
a key fact since pig wastes are easier to collect than these of
reaming, cows—and the Indian digester (made of steel) costs
too much for the average Indian villager. Then too, repair and
maintenance skills are scarce in Indian villages. Today only
about half of the biogas digesters built in India are operating 40

Throughout the rest of the Third World interest in biogas
technology is growing. The 1980 U.N. Industrial Development
Organization Conference on biogas technology held in Beijing.
drew participants from twenty-seven nations. The Colombo
Declaration of the Economic and Social Council for Asia and
the Pacific endorses biogas as a priority development technol-
ogy. India’s five-year plan calls for building 500,000 additional
digesters. Acgording to the Indian Planning Commission,
India generates enough wastes to operate 19 million family-
sized units and 560,000 community-sized plants—enough to

- cut electricity consumption by 44 percent, coal use by 15
. percent; and firewood by 79 percent. Small but growing pro- _

grams are also under way in Nepal and Indonesia, where fire-
wood shortages are particularly acute. Brazil's agricultural ex-
tension agency Is reportedly redlrectmg‘ resources so as to
disseminate know-how to millions of people on the frmges of
the monetary economy.4!

Opportunities for gerferating biogas from animal wastes in
the' industrialized nations are limited primarily to large dalry
farms and feedlots where wastes are concentrated and pollution

" has beena problem. In the Umted States the Mason-Dixon

Dairy Farm annually converts 2.7 million tons of manure from

~
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700 cows into $30,000 worth of gas. In the Philippines Maya
Farms (the largest pig farm in Asia) gets all its power from
methane generated by 15,000 pigs.42 ‘

The economics of feedlot conversion depends heavily o .
how much byproduct protein can be recovered from manure. .
Therefore, rising protein and natural gas prices will strengtlien
the already ;avorable economics in the years ahead. If all the”
waste from the 13 4 million head of cattle in feedlots in the
United States were converted to biogas, enough energy to heat
amilion homes could be produced annually. This contribution
would not substantially alter the national energy picture, but

it could help the agricultural system become self-sufficient in
" energy.43 —~ i

Another potentially significant source of energy from agri-
cultural wastes is in the food-processing industry. Sugar refiner-
ies, animal slaughterhouses, canneries, and citrus processors
generate mountains and lakes of otherwise troublesome.wastes.

These wastes can be burned directly, decomposed into biogas,

or converted into alcohols. The economics of such waste-to-

energ) projects depends on such factors as the avoided cost of

environmentally sound disposal, the volume of waste, the mois- :
" ture_content of the organic matter, and the market for the

energy produced. By U.S. Department of Energy reckoning,

four-Afths of U.S. agricultural processing wastes could be

economically converted into half a billion gallens of fuel-grade

ethanol each year.44 -

Detailed studies of the waste-to-energy potential point to
regionally significant energy sourges. Feasibility studies con- .
ducted by the State of New York Energy Office indicate that .
2 5 millidn gallons of ethanol could.be produced from the 1 .
billion pounds of whey generated by the state’s cheese industry
each year, Opportunities in the sugar industry are even greater.

On the island of Hawaii sugarcane waste provides all energy for
/" irnigation and cane processing, as well as over 40 percent of the
electricity/\th 82,000 islanders use. Studies of the Nicaraguan

Y
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sugar industry’s waste indicate that between 26 and 35'percent ’
of the nation’s electricity supply could be provided using stan-
dard waste-processing fechnology. 45

Energy from Urban W/astesr }
Not all of the bounty in refuse is found in rural areas. Much
of the biological output of the world’s forests, farms, and fisher-
ies ends up in city dumps. In fact, an average ton of urban’
refuse contains about as much epergy as 500 pounds’of coal.
. And every year the average American throws away 1,400 ,
pounds of trash, the average West German, 1,000 pounds. (See
Table 7.2.)46 )

T Tablc 7. 2. Energy Potential of Urban Wastc\\/ -

Areq ’ . Urban refuse . Energy pétentzal
) (million tons per year)  (exajoules)

" Uriited States 160 1.9 -
Western Europe 130 -3
USSR & Eastern Europe* | 90 . 5
Japan N 3 .
-Developing countries .- 100°, . > 1.1

Source. Worldwatch Institute estimates based on UN. and Waorld Bank sources

A . p e N

In some urban areas finding environmentally sound disposal
methods for volumirious wastes has become a major headache,
even a crisis. Burying, burning, or dumping them at sea creates
serious land-, air-, and water-pollution problems. Some cities
have boxed themselves in with garbage. New York, faced with
the problem of disposing of 22,000 tons of rcfuse a day, has no
miore land on which to bury it47 . -

Wastes do nof have to be wasted. Attempts to dcnve energy
from waste should take a back seat to (/ecyclmg efforts—which -
always save more energy.. Plastics, paper, and compostable .
organic wastes. should be burned only as a last resort. And
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of course, separating nonflammable glass and metals from
utban waste improves the performance of waste—to—energy
plants 48 .

Europe and Japan have doné by far the most to utilize the
energy potential of urban wastes. In 1977 only 6 of the 262
municipal waste-to-energy plants in operation were located
outside of Western Europe and Japan. Munich derives 11.8
percent of its electricity from gatbage. Three huge plants in the
Paris metropolitan area burn 1.7 million tons of waste per year
to produce the energy equivalent of 480,000 barrels of oil. Tiny
Luxembourg and Denmark are the world leaders in using urban
waste for energy, with over half their total waste converted to
heat or electricity. Japan has more plants (85) and more in-
stalled capacity than any other country. In Japan and Europe

' most waste-to-energy pldnts are cogenerators, serving district
\heating systems and providing electricity.4? .
" The widespread use of urban waste to produce energy in
several European nations and Japan predates the oil crisis. The
population density of these countries makes converting produc-
tive farm and forest land into landflls and waste dumps an
unaffordable luxury. Nor can the countries afford surface
dumps_ that Jeach dangerous chemicals into the water tables
" and waterways poisoning fish and fish-eaters. The Germans
had produced electricity from a municipal incinerator-as early
_ as 1896, but the waste-to-power trend gained-momentum in
the 1960s with the realization that generating electricity with
hot incinerator gases cooled the gas, enabling air-pollution
control systems to work effectively.50
The United States™has the largest potential for turning mu-
nicipal wastes into energy. By 1990, the US. Department of
Energy estimates, 200 million tons of solid waste and 15 .mil-
lion tons of sewage solids will be generated each year in the
United States—enough to produce more than two exajoules of
energy. Yet waste-to-energy technology has found limited ap-
. plication in the United States because open-land dumps have

«

*




156 . " Renewable Energy

" few environmental controls. Municipal waste-to-energy sys-
tems are economical only where governments stuck with refuse
pay owners of such plants a “tipping fe” roughly equal to the
cost of alternative means of disposal. One of the few successful
plants in the U.S.—the Revco Plant in Saugus, Massachusetts
—employs European technolegy to produce steam and elec-
tricity and depends for half its operating revenue upon a “tip-
ping fee” equal to the cost of environmentally sound dis-
posal 51 .-

Still skirting the envxronmental challenges of landfills, the-
United States has nevertheless pioneered various advanced -

" technologies designed to convert waste irito liquid or gaseous
fuel. Unfortunately, applying space-age technology to waste
disposal problems does not necessarily solve them. As a rule,
the most expensive and complicated plants have failed most

miserably, partly because waste containing everything from

cans of lammable liquids to discarded motors is hard on com-
plex machinery. In Baltimore, Maryland, a plant opened in
" 1974 to convert a thousand tons of garbage per day into gas
 through pyrolysis has never worked more than eighteen days
without breaking down. Periodically ravaged by exploding gar-
bage, it runs at about half capacity, millions of dollars in repairs
notwithstanding.52 *~
In retrospect the failure of the ambitious Baltimore project
tcan be laid to trying to do too many tasks at once and attempt-
ing to 'do with expensive machines what people do better.
Instead of employing proven Européan technology that simply
burns a relatively homogeneous waste stream that is usually
separated in households and businesses, U.S. engineers hoped
to turn a more: varied wastg stream into commercnal-grade
fuels.3
The barrie{s to turning urban wastes into an energy source
_are for the most part institutiondl. Solid waste disposal costs
U.S. towns and cities over $4 billion a year—only’schools cost
more. Yet most local governments are financially strapped and
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reluctant to spend money on unfamiliar projects. On the other
hand, 3 private investor would have to have ironclad assurances
of the right to the garbage, an ample tipping fee, and a guaran-
teed market for the steam and power produced. Without those
three promises, no, such venture could work.54

* Existing industries that use steam and electricity would ap-

" pear to be Idgical builders of waste-to-energy plants. But few
are large enough to use all a plant’s-output, and selling power
to utilities is cpmplicated and difficult. Electric utilities have
also been relgttant to build waste-to-energy systems, in part
because the optimally sized 1,000-ton-per-day plant produces -

far less power than'the plants they use now. In Europe and
Japan special municipal authorities have been granted the pow-
ers needed to get around these obstacles.>5 '

Although most Third World city dwellers are poor and gen-
erate little combustible waste, the urban elites of these cities
produce nearly as much waste as their Western counterparts
do. The waste problem in many Third World cities—in Cairo,
for example—is reduced because the poor miake a business of
recycling things discardéd by the rich. Still, extensive underem-
ployment in such cities means that no capital-intensive waste-
to-energy plants should be built before recycling opportunities
aré exhausted. Building plants could worsen the plight of those
who derive a llvmg—-even a precarious, unsanitary one—by
picking through mountains of urban refuse. Indeed, when 30
of the 400 garbage-piled acres of Mexico City’s Meyehualco

" dump caught fire in 1980, planners rejected the idea of build-

ing a modern energy-producing incinerator because doing 0

would have deprived five thousand scavengers of their liveli-

hood. Mexico City's dl]em.ma underscores the general threat
to the poor posed by biomass and waste-to-energy systems that
give commercial value to wastes that the poor de_pend upon but
do not own.56

Although burning wastes in plants to extract engrgy Is more”’

environmentally sound than open dumpmg and burning,
. $ . '

-
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" " plague their use, municipal waste-to-energy plants are well
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waste-to-energy plants have their share of environmental prob-
lems. Urban wastes contain plastics, metal foils and coatings,
and chemicals that form noxious gases whén burned. One plant
in Hempsteéad, New York, employing simple European waste-
to-energy technology had to be closed temporarily when deadly
dioxin was discovered in its emissions. Burning wastes at high
temperatures and using electrostatic precipitators can feduce

- harmfu] emissions, but such technologies.are never completely
effective. Then, too, residual ash from the plants is typically
filled with heavy metals that must be handled as a hazardous

waste. Overall, burning waste is more environmeéntally trouble--
some than recycling, but less so than duinping.5” ’

Energy can also be drawn from urban wastes that have
already been buried in landfills. As_organic wastes in aitless

L o

underground cavities decay, they release methane that can be
collected by inserting pipes into covered landfills. In the
United States fourteen such piped.plants, most of them in
California, are already operating. The world’s first landfll
methane-recovery system was built in Palos Verdes, California, -
in 1975. Currently, it meets the energy needs of 3,500 homes.
This energy-source.is a now-or-never proposition sincé methane
from landfills is lost if not tapped.®® - . -

Another potentially important source of urban energy is
methane from sewage-treatment plants. In Delhi, India, 700 °
people recently switched from kerosene and charcoal to biogas”

" produced from one of the city’s large sewage-processing plants.

If all the wastes from the city were thus processed, experts say,
20 percent of the household energy needs in the city could be
met. In many urban areas, however, biogas production in sew-
age-treatment facilities is declining today because mixing in-
dustrial wastes with municipal waste kills methane-producing
bacteria. The way out, some cities are. finding, is to force

_ industries to pretreat wastes.5?

Despite the many institutional and social problems that
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matched to the energy needs of cities. Unlike coal and: nurleqr
plants, far-flung because of pollution and safety factors, waste-
to-energy plants can be located near fuel suppliey and near

customers. By cogenerating electricity and steam far space_

heating, waste-to-energy plants get twice as much usable en-
ergy from fuel as do.typical coal or nuclear plants.

Promise and Peril: The Plant Powter Prospect

Realizing the energy potential of biomass without sacrificing .

other values requires sequencing biomass-development efforts
carefully. The first step s to put present biomass uses on a
sustainable base, simultaneously maximizing existing resources
and laying the groundwork for more intensive exploitation in
the future. Separating and recyclmg municipal waste, convert-
ing animal and human waste to methane and brewing alcohol
from spoiled crops can tyrn environmental liabilities into en-
ergy assets without further distressing the agriculture resource
base. By substituting less-polluting, more efficient ‘end-use
technologies for direct combustion, this approach also allevi-
ates environmental pr'ess'ure's. This first phase of biomass use
will see industries, farms, and whole regions become less depen-

dent on—even independent of—conventlonal energy sources.

In poorer rural areas where agricultural wastes are already
highly valued and used, this approach is especially apt. In
ecologically overtaxed countries biomass shortages and the con-
straints caused by falling soil fertility bar open-ended develop-
ment. Yet burning less and returning more to the soil—the
ideal option—is not realistic considering how many_ people
depend on such wastes for energy. Thus, particularly where it
is warm, the widespread use of biogas digesters makes most

. sense. China could have at least 100 million digesters in place

by 2000, and the rest of the Third World another 200 million.

.These 300 million digesters could produce 2 to 3 exajoules of
energy each year—less than 1 percent of world energy use but

&
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a critical 1 pereent to a bl]]lOn poor people with small but
pressing energy needs .60 "

.The goal for farms should not be to sell energy commercially,
but to attain energy self-sufficiency. Although agricultural re-
form in response to the new energy era has barely begun,
large-scale energy plantations modeled after today’s agriculture
are clearly not the answer. Mixed cropping and agro-forestry
schemes that yield food, fiber, forage, and fuel while protecting
the soil seem more appropriate—and more likely—to meet the
future’s mu]tlp]e *demands.

The rush in_the 1970s into the large-scale production of
liquid fyels based on food-crop monocultures represented a
wrong tutn. The Brazilian and American ethanol programs
caused envitonmental, equity, and nutritional problems, and
even the economics of this all-or-nothing approach remains in
question. Relying upon monocultural farming when these prac-
tices are themselves being rendered questionable by rising en-
ergy costs, soil erosion, and overdependence on synthetic fertil-
izers simply_does not make sense. .

The_ biological energy source receiving most attention—
ethanol from sugar or corn—probably will not become a major
factor in the energy picture until development programs have
been redirected. Only countries with a surplus of quality agri-
cultural land will get large quantities of energy from food crops.
Even Brazil will probably find that its land can be put to better
use than growing sugar for ethanol. The brightest immediate
prospects are a modest output of biogas from large feedlots,
ethanol from spoiled crops and wastes, and possibly seed oils
for on-farm diesel substitution. Alone these fuels will not color _
the overall energy picture, but they will help 4griculture and
food processing begin the switch from fossil fuel use.

Off-farm agricultural processing industries will also move
toward energy self-sufficiency by using organic wastes to pro-
duce energy. However, as the prices of liquid fuels riscL somé

»
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compamies may sell alcohol and use some other renewable
energy source—perhaps direct solar or geothermal heat—to
meet their own energy needs.

Municipat solid waste will also make a growing contribution
to urban energy supplies. Already enough energy to heat and
cool over 2 million buildings is piduced annually in this way.
With the spread of simple refusg-combustion technology to
large cities in North America and the Third World, urban
waste’s energy contribution could triple. Methane plants that
process treated sewage supply domestic cooking energy in some
warm countries now, but in colder climates they will probably
not contribute much more than the power needed to run
sewage-treatment plants. Methane from landhlls will provide
a valuable local enemgy supplement for a f&w decades in some
areas. Nowhere for the foreseeable future will advanced waste-
to-fuel plants shed their experimental status. Far more impor- .
tant than perfecting these technologies will be putting more
sophisticated source-separation and recycling systems into ac-
tion. In the longer term, directly burning garbage—like di-
rectly burning wopd—tnay not be worth the price.

How long the land can provide energy as well as food and
fiber will depend on how systematically nutrients from waste
streams in cities are returned to the soil, Adding more chemical
fertilizers is not enough to check the accelerated depletion of
soil nutrients that occurs in waste temoval and energy farming.’
Produced from natural gas, ‘nitrogen fertilizer has become .
much more expensive in recent years, a fact affecting the
economics of energy farming on even the most well-watered
.and sun-drenched lands. Even where economical, widespread
fertilizer use poses environmental problems ranging from the
difficult-to-control pollution of water supplies with nitrates to
the poorly understood destruction of microorganisms in the
soil. Developing countries in particular will be hard-pressed to
meet additional fertilizer needs.6!
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Maintiining the l;;xd’s long-term productivity will probably.

require returning ash and sludge to the land, a practice seldom

followed now. Typically, such wastes are instead .buried or

" dumped in the ocean. One concern is that such wastes contain

toxic organic chemicals and heavy metals that can concentrate
in_plant tissue in health-threatening quantities. Indeed, New .
York City (which must daily dispose of 8,300 tons of smelly,
viscous, black sludge) found its efforts to spread sludge on‘f
forest and farmland thwarted because this “goo” contained
high concentrations of cadmium, a heavy metal associated with
kidney and liver disease. Until such toxic substances are con-
trolled at their source, wastes will continue to be disposal prob-
lems instead of tonics to farmr and forest.52

Only after these steps have been taken can biomass provnde
energy for other sectors. Only then can biomass-derived fuels
move onto the center stage of the world energy scene to help
meet liquid fuel needs. Once they are energy self-sufficient
themselves, farms may begin “exporting” energy to industry
and transportation systems that need high-quality, concen-
trated fuels. Then, energy plantations on marginal lands and
mixed-crop farms will be able to supply small and mid-sized
industrial plants with feedstocks for liquid fuel conversion.

Given the enormous environmental impact biomass energy
systems can have, environmental planning must occur before
investments are sunk. If the usual pattern of choosing a course
and suffering the consequences later is followed, human health
and the global carrying capacity will decline. Making the right
decisions and implementing them effectively will demand a
new kind of interdisciplinary decision making. For that to
happen, a solid base of information and the political will to
stand firm against the narrow goals of entrenched conshtuen-
cies afe needed.

While biomass energy holds varied opportunities and rlsks
for all countries, one generalization holds true: Utilizing bio-
mass resources without paying careful attention to the ecosys-

-
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tems from which they spring, the food and fiber resource sys- .
" tems they can disrupt, and the social systems they are to serve
. is a recipe for disaster. But if these caveats are heeded, hope -
for biomass and biomass itself could spring eternal.
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hether hamessed by a wooden waterwheel on a tiny
stream in Nepal or by a hundted-ton steel dynamo at Aswan
on the mighty. Nile, all hydropower comes from the ceaseless
cycle of evaporation, rainfall, and runoff set in motion by the
sun’s heat and the earth’s pull. By harnessing water returning
to the sea, waterwheels and turbines make this natural and
endlessly renewable energy useful.

From falling water comes one-quarter of the world s electnc—
ity. Among renewable energy sources, only wood makes a larger
contribution. No other renewable energy technology is as ma-
ture. Yet several times the amount already harnessed remains
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untapped Developing this potentral will require constructing
large dams in the Third Worl® and in the ‘peripheral regions
of industrial countries, as well as small dams everywhere:
. Whole ‘economies could be built around hydropower if the
environmental problems, political dlsputes and financial un-
éertainties surrounding its use wgre overcome.!

- The Power of Falling Water ’

" Historically, hydropower’s use has been shaped more by social
and political conditions than by the avarlablllty of hyclrotech
. nology. ln the earliest reference to hydropower, the Greek poet
ntipater praised the water-powered- gristmill for freeing
Gieek women from the laber of grinding grain by hand. The
Rgmans had waterwheels, but first slavery and then widespread
mployment removed any incgntive to save human labor.
Only after war and famine ravaged the disintegrating Roman
empire and the Black-Rlague killéd a third of fourteenth-cen- .
tury Europe’s population did_labor-saving water ‘mills come
" into wider use. By 1800 tens of thousands were in use through-
out the continent.2 - .

As primitive hydropower tecbnology spread, s0 drd socia] ,
dislocation and conflict. Comfortable with traditional hand
> gtinders, small farmers resisted bringing their corn to village
tills. Hoping to stimulate theé use of water mf:ls)where the -

peasants’ grain would be visible, and hence taxable, the French
govegnmént outlawed hand mills. And in the parts’of the New
World where slave-holding was n¥t tolerated and labor was _
 scarce, waterwheel technology flourished. By 1800 about 10,- .
odo waterwheels were in use in New England alone.3. g
HydropoWer first became 4 source of electricity durmg the’
nineteenth century. Invented in 1820 by the French enginéer .
Benoit Fourneyron, thé turbine was to the waterwheel what
, the propeller was to the s;de paddle—a submersrble compact

-
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and more . efficient energy converter. Turbmes were first linked
to generators to produce electricity in Wisconsin ip1882, and
the development of alternating current by George Westing-
house at Niagara Falls i® 1901 made transmitting power over
distances economical. During the ‘eight decades since, the
téchno)ogy has been refined but not greatly altered.*

" "The early hydropower facilities, known as run-of-the-river
_ plants, produced little power during the dry season. when
streamns and rivers were low. To obtain continuous power-out-
put, large dams with water-storage reservoirs were built. Since
“the thirties, most hydropower energy has come from major
dams set in large rivers. Since the oil shock of 1973, intetest
in the intermittent power from run-of-the-river dams, many of
which were abandoned when petroleum -was cheap, has
revived.’ ’

Rising energy Prices have also sparked mterest in a largely
forgotten hydropower technology that does not depend on
dams at all. During the Middle Ages, before dams were com-
mon, waterwheels affixed to barges anchored in rivers were
‘widely used. Such floating hydro plants are not ecologically
disruptive, and they can tap otherwise inaccessible water flows.
Several countries are now trymg to moderniize this old tech-

nique and to assess its costs. If this technology, (known as the o

hift translator) proves economical, the entrgy’ potentla] and
envnronmental/soundness of hydropower ‘would in¢rease”
dramatically.6 '
" Since water power was first used to produce electrrcxty, hy-
dro-energy’s contribution to the world’s electricity supply has
risen steadily. 'In 1980 it accounted for about 25 percent of
global electricity and 5 percent of total world energy use, Total
world hydro production today is 1,720 billion kilowatt hours
which is generated at dams with a total capggity of 458,000 °
megawatts. The world’s leading generator o"fitca]ectrlclty from
falling water is the United States (71,000 megawatts of capac-
ity). Next in lipe are the Sovtet Union (47 ,000) and Canada
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(40,800} With a tenth of the planet’s potentnal China will
likely surpass all three over the long run.”

lf all the energy contained in the water flowing toward the
océans was hamnessed, a staggermg =3 trillion kilowatt-hours
could be produced annually Yet given technical constramts,
probably no more than 19 trillion kilowatt-hours can actually

be tapped But while environmental and economic factors will .

canstrain use of this resour'ce"at some point, world hydropower
production could. still reach between four and six times its
present level.8 . N

In general hydropower potentlal is dlstnbuted among the
continents in rough proportion to land area. Asia has“z.8 per-
‘cent of the world’s potential; South America, 20 percent;
Africa and North America (including Central Amenca) 16
pergent each, the Soviet Union, 11 percent, Europe, 7 percent,
and Oceania, 2 percent. Although every continent has hydro-
power potential, mountainous areas and large river valleys have
the most For instance, India is twenty times as big as Nepal,

" *but Nepal has nearly three times as much hydropowq_mgen- .

tial®. -
\1uch of the world’s untapped hydroelectrio.potential lies
far from industrial centers, evgr far from inhabited areas. Un-

populated parts of Alaska, northern Canada, and Siberia have

trémendous hydropower potential. The Amazon, the Congo,

the Orinoco, and the rivers snow-fed by the Himalayas all offer

sites for large;scale hydroelectric . development. Remote
réaches of Papua New Guinea, South Africa, Borrieo, Tas-
mania, Norway, the Phlhppmcs Azgentma Guyana, and’New
Zealand also have many promising dam sites.10

Some regions are much farther along\than others in deyelop-

ing their water resources. {See Table 8. ).) Europe, Japan, the _

“United States, the eastern Soviet Union;and southern Canada

ave done the most t6 harness this power source. Indeed,
Europe has exploited almost 60 percent of its potential. With
only a fourth of Asia’s resources, it generates HCWICC as
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much power. Africa has developed only, about 5 percent of its -
potentlal half of which comes from just three dams-—Kanba
in East Africa, Aswan on the Nile, and Akosombo in Ghana. 1*

Table 8.1 Hydropowcr Potential and Use, by Regxon, 1980

Technwally Share, of
. , exploitable © potential -
Region - potential ’ exploited
) (megawatts) . ¥ (percent)
. Asia 610,100
-Séuth America 431,000
Africa . . 358,300
. North America / 356,400
USSR 350,000
Europe . 163,000
Oceania . © 45,000
. World T 2,200,000

. Source: World Energy Conference, Survey of Energy Resources

ln some areas hydropower is the main source of electricity.
More than thirty-five developing and industrial nations already
obtain more than two-thirds of their electricity from falling
water. In South America 73 percent of the electricity used
comes from hydropower, compared to 44 percent in the devel-
oping world as a whole. Norway gets go peicent of its electric-
ity and so percent of all its energy from falling water.12

. Big Opportumtles and Big

Few technologrcal changes so dramatically and visibly alter the

face of the 2arth as large, dams\and artificial lakes Large mod ’

ern s rank among humani ’

Egypt's Aswan High Dam,

times 3s much. as the Great

Dam, oh the Parana between Bi2#il and Paraguay, will soon
enerate 1 2,606 megawatts—as much pewer as thirteen large
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nuclear power plants—making it the biggest power complex on
earth. The lakes created by such dams number among the
planet’s largest freshwater bodies. Ghana's Lake Volta, for
example covers 8,500 square kilonteters—an area the size of .
Lebanon.13

Even larger dams and lakes, however, are on the drawing
. board. On the Yangtze River in China, the Three Gorges Dam
now under study will probably be the world’s biggest dam—
capable of generating 25,000 megawatts of power.’American,
Canadian, and Soviet planners have even grander designs for
the gian{hrivers flowing into the Arctic—the Yukon, the Mac- -
Kenzie, the Ob, and the Lena. And Egypt is considering har-
nessing the energy of water now resting in the Mediterranean
Sea by channeling it through an artificial canal into the Qattara
Depression, an 18,000-square-kilometer sink in the Sahara.14 -

Modern dam building traces back to the establishment of
the Tepnessee Valley Authority (TVA) in the United States
in 1933. Before Franklin Roosevelt created this government
body, conflict between private power developers and public .
power advocates slowed U.S. hydropower development. The
- creation of the TVA settled the case in favor of the public
sector. It also marked the beginning of a basin-wide develop-
ment program centered around energy production. A unique
blend of centralized planning ‘and grass-roots participation,
. TVA has the power to borrow money, condemn private prop- |
erty, and build dams. It also has a broad mandate to promote

* . rural electrification, control soil erosion, improve navigation,

" and harness power. TVA spearheaded development in a mil-
lion square mile area by enlisting the essential help of thou-
sands of small farmers and townspeople and by rewarding them
for cooperating. TVA’s comprehensive approach to the devel-
opment of river basins has become_the model everywhere.15
“The decade after World War I was the golden age of large
dam cénstruction in the United States, the Soviet Union, and
Canada. By the late 1950s the frontier of large dam construc-
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tion was the Third World and remote regions everywhere. The
success of such basin-wide schemes as thg TV A and the Soviet
development of the Volga and Dnieper livers has drawn many
Third World leaders to this energy source. So hgs the prestige
_ value of large dams, which symbolize industrial progress. The
generous financing terms and management assistance the in-
dustrial world offers make the construction of large dams even
more attractive to nations facmg chronic capital and, technol
" ogy shortages.16
 Political cooperation between nations sharing common
water resources is a prerequisite to financing and constructmg
many large-scale hydroelectric dams. (Altogether, some 200 of
the*world’s rivers cross international boundaries.) Where hy-
dropower is most developed—in North America and Ejirope—
nations have successfully devised political mechanisms for co-
operative river development and conflict resolution. In North
America, for example, the Columbia and St. Lawrence rivers
could not have been harnessed had not the U.S. and Canadian
governments cooperated closely. In Europe, the Rhine and
Danube could not be developed until previously suspicious and
oft-warring nations laid aside their differences.1” -
Unresolved conflicts over water rights remain a major barrier
to the development of many promising large hydro sites. Long-
simmering disputes between India, Nepal, and Bangladesh
over Himalayan waters frustrate efforts to harness one of the
world’s major energy resources. In Canada an old dispute be-
tween Newfoundland and Quebec over power pricing has
delayed construction of a 2 ,300-megawatt dam complex on the
lower ChurchillyRiver. And the hydroelectric and |rr|gat|on
potential of the Mekong River in Southeast Asia remains un-
"tapped because of conflict between Laos, Thailand, Kampu--
¢hea, and Vietnam.18
WUnable to compromise with resource-sharmg nelghbors
some countries have unilaterally developed the portion of the”
resource base they control. Yet such a strategy can backfire.
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When Egyptian president Nasser initiated the Aswan Dam
project in the early 1950s, Great Britaintontrolled the headwa-
ters oF the \lle in the Sudan and central Africa. Thus efhiciency
and economy were sacrificed so as to place the dam beyond

[ Bntan's reach. Today, however, the reservoir is filling with silt

'far more rapidly than anticipated as soil erodes in impoverished
regions of other African countriés of the Nile Basin. Should
India develop rivers of the subcontinent without Nepal’s coop-
eration, the curse of Egypt will be on it too.1? :
Hydroelectric projects figure prominently in the economies
and investment plans of many developing nations. With power
from Aswan, Egypt electrified virtually all of its villages and
created many new jobs in labor-intensive local industries. Com-
panies attracted by the power of the Sdo Francisco River have
brought almost a million new jobs to impoverished northeast
Brazil. Venezuela expécts to spend tens of billions of dollars
over several decades to harness 40,000 megawatis of power
from the Caroni River at Guri. And the Phlhppmes heavnly

‘ dependent on imported oil, envisions a 45 percent increase in

hydroelectric generation m its current five-year energy pro-
gram.20

Yet kilowatt-hours generated is no measure of intégrated
development. The impacts on agriculture, fisheries, health,

. employment, and income distribution must all be weighed.

Unfortunately, building a large dam in a developing country
does not necessarlly improve the standard of living for the poor
rural majority since the energy-intensive industries that locate
near large dams seldom provide many jobs for unskilled local
people. A case in point is the $2 billion Asahan aluminum and
hydroelectric project in Sumatra, which will employ only 2,100
of the island’s estimated 30 million people. Too often, the
power not used by nearby industry will be transmitted hun-
dreds of miles to major cities, leaving dozens of villages unlit
along the way.2!

As for the ecologxcal changes wrought by large dams, they
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pose both opportunities and dangers. Large dams change a
self-regulating ecosystem into one that must be managed.
Plopped into a rjver with no thought to the upstream and
downstream impacts, a large dam can bring disaster. Lakes
cannot survive some of the abuses rivers can, so traditional ways
of life are called into question, especially sanitation practices.
Water-borne disease can get out of hand and soil erosion and
pollution must be controlled in order to preserve a dam’s water-
storage and-power capacities.22 |
The world over, the silting of reservoirs caused by soil ego-°
sfon threatens dams. When a reservoir fills with sediment, a
dam’s ability to store water and generate energy is drastically
curtailed. The Sanman Gorge Dam in central China, for exam-
.ple, has lost thrée-quarters of its 1,000-megawatt power capac-
ity to sediment from the Yellow River. In Nepal deforestation
and farming on steep lands threaten to incapacitate the few
_dams already built on Himalayan rivers. Until the topsoil of
Nepal and northern India can be stabilized through reforesta-
tion and improved farming practices, both countries’ ambitious_
hydroelectric and irrigation® plans will have to be postponed.23
A primary motivation for building large dams is to trap water -
for irrigation. By storing water from rainy seasons and years for
use when it is dry, dams mitigate the effects of droughts,
increase agricultural productivity, and extend agriculture to dry
uncultivated areas. Often the electricity generated at such
dams powers pumps that extend irrigation over large areas. Of
course, farmland created in this way has a price—the river
bottomlands flooded by the dam. Where dams have curtailed
. the ‘spring floods that once deposited rich silt on the fand,
artificial ferfilizers must be applied to preserve soil fertility, and
fertilizer production carl consume much of the dam’s power
outpuf.24¢ * . : .,
. On fisheries the impact of large dams is both ambiguous and
unpredictable. Gauging impacts is especially difficult in tropi-
cal Africa, Asia, and Latin America, where many important but

186
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still mysterious fish species live. Where fish species migrate
long distances to breed, dams can decimate fish stocks. The
rich Columbia River salmon fisheries in North. America de-
clined sharply after dams were built on the river—despite well-
funded programs to build fish ladders and to restock the river.
The unanticipated destruction of the eastern Mediterranean
sardine fishery by the Aswan High Dam has been more than
counterbalanced by the emergence of a fishing industry on
newly created Lake Nasser, but sardine fishermen cannot find
the change consoling. Egyptian officials optimistically predict
that Lake Nasser will eventually yield 60,000 tons of fish per
year But if experience with other African dams is any guide,

production may fall as the lake grows older and becomes more

ecologically settled.25
On human populations the impacts of large hydropower
projects in tropical regions are only too well understood. In

warm climates reservoirs and irrigation canals provide ideaf*

breeding grounds for snails that transmit schistosomiasis—a
debilitating, sometimes fatal disease that currently afflicts some
200 million people in tropical countries. Better sanitation

- facilities and improved hygiene could virtually wipe out this

A
'

and other waterborne diseases, but planners’ and governments’
best efforts have so far failed to get people near newly created
lakes to adopt the sanitation practices that could halt disease.26

Another often-neglected cost of large dams is.that paid by
people whose homes are flooded by the project. Some 80,000

were displaced by Lake Nasser in Egypt and Sudan, 75,000 by
Lake Vgfta in Ghana, 57,000 by Lake Kariba'in East Africa;

“and 46,000 by Lake Kainji in northern Nigeria. China’s

planned Three Gorges Dam could force some 2 millién people
to leave home forever. Plans to resettle and reemploy displaced
people figure prominently in few dam projects, and most of
those made fail for lack of funding. And no amount of govern-
ment aid can compensate for the permanent loss of one’s
roots 27

o
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Particularly troubling is the threat to native tribes long pre-
served by isolation. The already beleaguéred and shrinking
Indian tribes of Amazonia, for example, could be forced by
Brazil’s ambitious dam development to resettle in a culture

~ harshly and disorientingly modern by their standards. Some
native peoples have resisted government resettlement pro-
grams, protesting and takmg up arms. Holding fast against the
Philippine government’s plan to place Southeast Asia’s largest
hydro project on the swift- flowing Chico River, tribes in cen-
tral Luzon have fought repeatedly with government "troops.
Still others have won_substantial concessions. Native people in
the area inundated by Quebec’s giant James Bay project
delayed construction through the courts and forced the govern-
ment to grant them $250 million, title to 12,950 square kilome-
ters of land, and preferential employment rights on the project.
Isolated tribes in poorer, less developed countries are unlikely

.to fare so well, although groups such as Survival International
have recently emerged to help them.28

Dams can also endanger little-known plant and animal spe-
cies. In Quebec careful environmental monitoring revealeds
that the new dams and impoundments threatened no species.
But many tropical plants or animals with potentially high eco-

_ nomic value will be lost forever if dam reservoirs are built
because so many tropical species have yet to be named. Even
where threatened species have been identified, pressure to dé-
stroy their habitats can be irresistible. Over the heated protests
of environmentalists, Australia has built a hydroelectric com-

. plex in Lake Peddar National Park, flooding habntats of dozens

# of species found only in Tasmania.?? .

A few hopeful signs indicate that in" many countries the
dam-building process is now more than a feat of engineering
muscle. Many of the hazards of dam construction in the trop-
ics, for example, are better understood now than when the first
*modern dams were built thirty years ago. The plans for the \
hydroelectric and irtigation project being built on the Senegal
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River by Mauritania,AMali, and Senegal call for extensive eco-
logical monitoring and population-relocation programs. On the
other hand, Brazil's “dam it all” approach.can be expected to
cost the nation plenty later.30 |
While ecological change accompanies any dam project, es- |
pecially in the tropics, the failure of communities and farmers }
to make necessary adjustments once the dam is built probably |
causes mege environmental problems than the structures thém-
selves do. Accordingly, even the best-laid plans will not work
unless people at the grass-roots level help plan the project and
share in its benefits. Unfortunately, thi mvo)vement of farm-
ers, owners of small businesses, and | ficials—the key to |
the Tennessee Valley Authority’s success—has too often been. .
missing in developing countries. Erosion along the shores of
Lake Kariba between Zimbabwe and Zambia, for example, has’
reached dangerous levels despite efforts by both governments
" to prevent overgrazing and to preserve a band of trees along the
water’s edge. Although local farmers and herders know their -
practices threaten the lake, they cannot aPEord to forgo short-
term production gains.3!
Tennessee Valley farmers controlled erosion and planted
# trees because they received cheap loans and cheap electricity
in exchange. But poor farmers on the Zambezi are being asked
" to abandon ecologically destructive practices and offered noth-
ing in return. Often the failure of planners to spread a project’s
benefits'among all affected actually accelerates the impoverish-
ment of marginal groups.

Maintaining Momentum

For the last three decades, large-scale hydropower develop-
ment in developing countries and in peripheral regions of the
industrial countries has occurred primarily because energy-
intensive industries need cheap electricity and global-lending
institutions have been willing to advance multi-billion dollar
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loans. Today the failures of the international .economic and
" political systems to adjust to higher prices and higher costs
throw such long-term investments into question.32

Large dams are extremely expensive, and riearly all are built

with borrowed money. Aswan, for example, cost $1.5 billion,

when it was built in the sixties. Itiapu will cost between $§ and
$6 billion, and China’s Three Gorges project could cost $12
billion. The U.S. government borrowed to finance FVA in'the
1930s, Brazil and Quebec borrowed the needed capital in the
1970s; and China will do so in the 1980s. According to the
World Bank, the Third World will need to raise an estimated
$.100 billion between 1980 and 2000 for hydro plants cupréntly
on the drawing boards—a staggering sum considering high
interest rates and the financial plights of many developmg
countries.33
Few major dams are likely to be built in developing countrles
without at least partlal World Bank funding because Western
banks and lending consortia fearthat a Third World country
miight nationalize a dam once constructed. At. the_same time,
few.developing countries are willing to turn over ownership of
$O lmportant a national resource as a river to foreign pnvate
investors.34
Capital for hydropower projects is mfost readily available
.when salggs of power—mainly to energy-intensive industries
owned by multinational corporations—guarantee a steady, pre-
dlctable flow of revenue. In such sparsely inhabited regions as

the Amazon Basin, New Guinea, Quebec, and_Siberia, the ,

" need for power to extract.and smelt minerals provides the
) prmcnpal impetus for hydroelectric ‘development. Where
prime hydro sites are not close to rich mineral deposits, the
main economic force behind large dam constructlop is the
aluminum-smelting industry.3% .

- Constructing dams in prevnously undeveloped areas often
leads to a conflict between new users aiid those who made the
dam possible. Damownmg governments soon see the wisdom

-
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in diverting cheap power to cmployment mtenswe activities or
to raise prices to fund national development programs. When
the availability of cheap power stimulates consumption enough
to, precipitate shortages a painful choice emerges. Either gov-
erhments must raise prices for the heavy energy users, perhaps
driving them elsewhere, or it must let smaller consumers alone
_bear the prohibitive cost of building new coal or nuclear power
plants to meet demand. Egypt, the U.S. Pacific Northwest, and
Ghana face this painful dilemma today. As the price of electric-
ity produced from fossil and nuclear energy climbs, countries_
selling hydroelectricity at bargain rates have been increasingly
tempted to raise prices to the world average—often ten times
the rate they now charge. Yet so far the interests of large
electricity consumers accustomed to cheap prices have pre-
vailed.36
 In the years ahead the key to planmng and ﬁnancmg hydro-
power will be resolving these conflicts and raising prices
markedly. Nowhere has the pricing and allocation of hydroelec-
tric powér yet changed in response to the oil shocks of the
seventies. Between 1970 and 1975, the price of coal quadru-
pled, the price of uranium increased eightfold, and the price
.of oil rose tenfold. trs of reserves of these fuels quickly
reaped a massive windfall as prices followed OPEC oil to dizzy-
ing new heights. Only the owners of hydroelectric facilities—
governments—mlssed out on_the profits. While the prices of
oil, coal, and uranium were influenced by the price of imported
oil, hydropower’s cost continued to reflect the cost of produc-
tion—the sum) of dam-operating costs and the interest on
money borrowed long ago, neither of which rose much. As a
result, consumer demand and waste of electricity rose. Already
underpricing and overdemand are strapping the government-
controlled Bonneville Power Authority in the Pacy orth-
west. Since electticity prices in the Pacific Northwest are one-.
eighth those in oil- and nuclear-dependent New York City,
“Washingtonians and Oregonians use five times as much elec-
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tricity per capita as New Yorkers do. But meeting this extra-
ordinary price-stimulated detnand_ with new nuclear plants is
not working. Nuclear cost overruns already more than equal
the cost of all the fedgr(:d dams on the Columbia River.37

For developing countries the cheap sale of hydropower has
had even more tragic consequences. Locked into contracts
with aluminum companies that were signed before the price |
revolution-of the 1970s, dozens of Third World nations are
selling their principal energy resources at a price far below their
market value. According to the Center for Development Policy
Studies, snmply increasing. hydroelectric prices to thé.world
average price of electricity would earn fifty'six developing na-
tions over $10 billion annually. Through underselling to West-
ern-owned multinational corporations, these nations are collec-
tively losing about as much each year as the VV orld Bank lends
for all development projects.8 .

Ghana exemplifies the problems underpricing hydropower
causes. In the sixties this West African nation built a largé dam
on the Volta River and signed a thirty-year contract to sell
power to Kaiser Aluminum Company at three-tenths of a cent
per kilowatt-hour (one-twentieth of the current world average
price). For Ghana the dam represents a major national invest-
ment. It also represents a sacrifice: Waterborne diseases in-
creased once the dam was built, and people from nearby
floodéd areas had to be relocated. Yet revenues from the dam
barely cover interest payments and operating costs, so Chana‘
gets little net benefit fra its principal national energy re-
source. With the Kaiser smelter taking over 9o percent of
Ghana'’s total electricity production, Ghana faces electricity
shortages. It has had to borrow money to build smaller, more
expensive dams, and it now imports power from nelghbormg
countries. Attempts to renegotiate contracts with Kaiser Have
fallen flat, partly because neither the World Bank nor the U. S
government will support Ghana.39

Selling hydroelectric power at prices closer to its true market
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value would make available funds to build other dams and to

help consumers cope with higher prices by investing in energy

efficiency. In the U.S. .Pacific Northwest, for instance, the

Bonneville Power Authority could raise nearly a billion dollars
- a year by selling its hydropower at the national average psice

of electricity. In developing countries additional electricity
] revenues could support internal development.40 S

Like dam construction on international rivers, pricing re-
form demands international solutions. Unilateral action by de-
veloping countries to raise prices ‘will undermine investor confi-
dence and jeopardize access to further World Bank loanss Yet
inaction has high costs, too, as the debacle in the U.S. Pacifin
Northwest vividly shows. To avert these problems and boost
hydropower development, the World Bank and its principal
contributors should encourage 4 gradual rise in the price of
. hydroelectricity, one that the aluminum industry could bear
without, moving its plants closer to centers of demand.4!
Establishing a realistic hydroelectric-pricing scheme could

transform the prospects for hydro development in poorer parts
of the world.”As the migrating alurhinum industry opens up
more remote hydropower-rich regions, the price of alumlgum
could gradually rise to reflect the costs of operatmg in increas-
ingly difficult terrain. These higher prices would stimulate alu-
minum recyclmg Eventually a smaller aluminum: industry
located in the most remote regions would reach’ equlllbnum
In the wake of industry’s wanderings would be many flourish-
ing and.sustamable local economies.

-

4

Small- Scale Hydropower for Rural Development

F ortunately, large dams are not the sole hydro development

option of developing nations. The power of falling water can

also be harnessed at much smatler sites with capacities between
. 1 kilowatt and 1 megawatt. By constructing small dams, Third
‘ World countries can unleash the s to 10 percent of their

2N\
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hydropower resources that the V&forld Bank conservatively esti-
mates exists at small sites. Small dams could, in fact, provide
roughly as much electricity as Third World countries derive
from hydropower today—more, if inexpensive local labor and
Ymaterials aré.used.42 ‘ ,

The economics of building small dams for power production
varies widely. The World Bank says that costs hover around
$3,500 per kilowatt of installed capacity, but many projects are
being built today for between $500 and $1,000 per kilowatt of
capacity. Because relatively fixed engineering and site-prepara-
tion costs can be spread over a larger power output, larger dams
seem to enjoy considerable economies of scale. But small-scale
projects look miore favorable if the hidden or discounted social
costs of large dams are taken into account. In general, develop-
ing countries stand to reap more by developing the cheapest
small sites available befare venturing into addltlonal large dam
projects.43

Besides generatmg revenues small hydro plants can reinforce
‘economic development by converting poorer countries’ most
abundant and least-used resource—labor—into critically
needed capital. They can also catch silt-laden storm waters,
thus protecting large downstream dams from premature sedl-
mentation.

Among developing natlons China alone has placed high
priofity on small-scale hydro development. While most devel-
oping countries have borrowed money and imported technol-
ogy to build large dams to run heavy industry, the Chinese have
relied on indigenous labor, capital, and technology to build tens
of thousands of small hydro facilities. Reports that major cities
regularly experience “brown-outs” and that electricity for
heavy industry is scarce are true, but China has brought many,
basic amenities to its vast rural population by bunldmg small
dams.#4 .

Although China was ah early user of waterwheels, all but
fifty of the nation’s hydro facilities were decimated in the strife
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and economic decay that preceded the commun]st revolution.
After 1949 the government followed the Soviet model of rural
electrification by emphasizing large power plaiits, so the num-
ber of ‘small hydro facilities in use actually declined in the late
. fifties. But with the Cultural Revolution in the mid-sixties
came a boom in small-dam construction that China’s current
leaders continue to promote.4?

Since 1968 an estimated 90,000 small-scale hydro units with
some 6,330 megawatts of generating capacnty have been built,
mainly in the rainy southern half of the country. Although the
average size of the units is a meager 72 kilowatts, small plants
account for 40 percent of China’s installed hydro capacity. In
more than one-quarter of the nation’s counties, these small
dams are already the main source of electricity, and China
expects to add 1,500 megawatts of power annually through
1990 and 2,000 megawatts per year for the ten years following.
By the turn of the century, the government hopes small hydro
facilities will be providing six times as much energy as they did
in 1979.46 - . K

The Chinese, consider small hydro plants just one part of
integrated water-management schemes and rural development
efforts. Driven by the need to feed and employ a billion people,
the government has given highest priority to agricultural water
 storage;. irrigation, flood control, and fishery needs. Chinese
villagers have built impoundments and irrigation ditches with
simple hand tools and without expensive, heavy earth-moving
equipment. Many of the components of hydro planfs—tur-
bines, pipes, and gates—have been constructed at small shops
by local artisans using local materials and standardized designs
With money earned and saved from agriculture and fishing,
communes have upgraded the sites without central govern-
ment funding. Technical advice from agricultural extension
workers has improved dam and plant design and helped lower
costs.47

Unlike dams that power capital-intensive export mdustrles
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in so many developing countries, small dams in China support
workshops that turn locally available raw materials into goods
used in n areas. Hydropowered factories scattered
throughout the countryside husk rice, mill grains, make soap,
and"produce leather and simple metal goods. The power left
over is availgble for lighting, movies, and telecommunications.
While the auant'ities of energy involved are not great, these
hydro plants dramatically improve the quality of rural life—and
thus halt migration to overcrowded cities—by reducing the
backbreaking drudgery of lifting water, sawing wood, and
. grinding grain by hand. And village-based reforestation, anti-
erosion, and schistosomiasis-control programs have enabled the
Chinese to avoid the ecological and health problems often
connected with hydropower use. The_ leaders in Beumg claim

that their small-scale water development efforts complement

rather than displace the need for large dams. By “walking on
both legs”—building small dams as well as large—they hope to
exploit fully their tremendous water-power potential without
incurring high social and. ecological costs.48

The projects completed outside China confirm the role of
small hydro plants in balanced development. In Papua New
Guinea, for example, the village schoolmaster in remote Bain-
dloang heard about hydropower on a radio show and asked the
national university for help building a stnall dam. Along with
a private group it obliged, and a tiny 7-kilowatt turbine was
installed two years later. Celebration and dancing com-
memorated the coming of power to the village, where it lights
 the school and store and heats water for communal showers.
By mobilizing local Tabor, the project strengthened the village-

level institutions and gave villagers a greater sense of control

over their own lives—a far cry from what large hydropower
projects do.49 =

Spurred by rising oil prices and such examples, many_Third
World countries have become interested in small-scale hydro-
power. Nepal, the most active, .r’ecently opened about sixty
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water-powered mills. These efforts are being assisted by‘ modest
but growing international aid programs. The-U.S. Agency for
International Development has loaned Peru’s national power
company $9 million for twenty-eight installations ranging in
size from 100 to 1,000 kilpwatts. France s helping several
African nations build small dams, and Swiss groups are helping
Nepal set up factories to build small, inexpensive turbines. .
Unfortunately, the World Bank—which between 1976 and ’
1980 loaned $1.68 billion for large-scale hydroelectric projec{s
—has spent, almost hothing on developing small sites.>°
Promising first steps, these programs must be expanded con-
siderably to have much impact. By funding badly needed sur-
veys of small-hydropower potential, development assistance,
. groups' could document the dimensions of thiy untapped re-
source and direét local groups to particularly promising sites.
Once specific projects get ugderwa)g, governments and interna-
tional agencies can help by providing hydrologists, geologists,
and engineers to ensure that dams are built safely and take full
advantage of the water flows. International agencies cduld also
take up TVA director S. David Freeman’s challenge to estab-
lish an international hydropower development corporation to
share scarce knowledge and skills. Large lending institutions
could help by repackaging capital blocks into smaller parcels
and broadening loan criteria to réfidct the hidden social costs
of large dams and the neglected benefits of small ones.5!
Developing nations themselves also need to reassess the pri-
ority they give largg-scale hydro development-efforts. Dotting
the countryside with small projects may not be as politically .
gratifying as erecting a few big modern dams, but it would go /;/
farther than a “think big” approach toward fheeting the needs
of the rural populace. Althgugh small- and large-scale hydro :
projects go hand in hand, in'tegra(ed village-level water devel- .
opment should precede the construction of large dams as a. o
general rule. Erosion, the spread of waterborne and other dis- A
eases, and the other side effects of large Eroieéts will be easier ’ f

‘ : -
. ‘ . . !{




184 ", Renewable Energy -

“to conquer if people have already helped design small dams in

their villages. At the same time, rural development will be more
balanced and more ePEectwe .

Makzng Better Use of Existing Damb

In the Umtcd States, Japan, and several Edropean countries
where hydropower resouré'es are well developed, strong pub]nc
support for free-fowing rivers has brought dany construction to
a virtual standstill. In these areas the challenge is not to-build
new dams, but to preserve both wilderness and ecological val-
ues by making better use of existing ones.

Much of the public’s opposition to new damis reflects a
desire to preserve “white water’” recreational opportunities and
to keep remote and unaccountdble utility companies within
bounds. Some also is based on sound ecological_principles.
Preserving representative river systems in their natural state
provides a baselifie against which’ ecological change on other
rivers can be measured, as well as sanctuaries for the many
species that thrive only in swift-moving waters. Many people
also regognize the obligation those who have despon]ed{o much
of the earth have to future generations®§2

The.United Statesand Sweden have done most to preserve
wild rivers with high_.aesthetic, wilderness, and recreational
Yalue. Parts of thirty-seven U.S/rivers—with a combined po-
tential capacity of 132,75_0 megawatts—are protected from fur-
ther development under the Wild and Scenic Rivers Act. An-
other 3,500 megawatts of power potential on the lower
Colorado River is going unused because of Grand Canyon
National Park cofistraints. Sweden has permanently banned
dams from four undeveloped Ttivers in its far north 53 .

As the improving econorpics of hydropower opens the way |
for exploitation in the years ahead, public ofhcials and citizens
should scrutinize dam projects more carefully than they have.
In particular, ‘the often-inflated claims of recreational and
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" flood-control benefits must be assessed carefully since power
sales alone seldom justifya project. Then, too, the prime agri-
" cultural value of bottomland. that must be flooded should not -
" be underestimated. In many cases, water conservation and
_ flood-control benefits could be better achieved by reducing
water waste and limiting construction in’flood plains.5* \
The United States, Europe, Japan, and the Soviet Union all
have many small dams {under five megawatts) that represent
increasingly viable sources of power as electricity prices rise.
France has been so successful in pressing its dams into service
that 1,060 micro-hydio stations with a combined capacity of
" 390 megawatts constitute 1 percent of the nation’s total gener-
ating capacity. Japan too has aggressively harnessed its abun-
"dant water resources with numerous small dams. Recent stud-
ies indicate that hilly regions of Wales, Scotland, Spain,
Sweden, and Romania all have substantial untapped hydro
potential at existing small dams.5>
The greatest opportunity in the industrial world to take
advantage. of small dams:is in the United States, whefe many
“small- and medium-sized dams await renovation. Twenty-one
.small dams on the Rhéne in France produce 3,000 megawatts
of power while the comparably sized Ohio in the U.S. prodfices o
only 180 megawatts. In all less than 3 percent of U.S. dams
produce electricity, even though an estimated 6,000 to 24,000
megawatts is available at small dams alone compared to the
present total U.S. hydropower capacity of 64,000 megawatts.56
During the last several decades, falling electricity prices and
the end of the forty-year life of construction tax concessions led
. to the abandonment of almost 3,000 dams in the U.S. But the
years of neglect are now themselves ending—albeit at a high
cost. According to the New England River Basins Commis-
sion, the northeastern United States has 1,750 small unused .
dams that could produce 1,000 megawatts if fully exploited. If
thesé\dams were renovated with money borrowed at a 7 per-
_ cent interest rate, with the understanding that power would be
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sold at 4.5¢ per kilowatt-hour, 50 percent of their potential
could be harnessed economlcally If government kept the inter-
est rate at 3 percent and power were sold at 6.7¢ per kilowatt-
hour, 8o percent of the potential could be developed.5?

Both public and private efforts to restore_small dams are
afoot. In the United States, government encourages the trend
in two ways. It grants tax benefits that are twice 4s higlfasindst = *
industrial investments receiveyand reduces the regulatory bur-
den on small-dai developers, most of whom are small farmess,
small firms, or townships. Ultimately even more important is
the Public Utlllty Regulatory Policies Act of 1978, one section
of which requires utilities to buy power from small power
producers at fair rates. As a result, applications for permits to

*produce powei—a good measure of hydro development inter-
est if not actual construction—have shot up dramatically from
6 in 1976 to 1,900 in 1981.58 q

Although public attention in the U.S. has recently focused
on renovating small, abandoned dams, even more energy is
available at medium and large dams that have never been used

- for power production. Risi power rates have-made electricity
- generation economical atﬂimny flood-control and irrigation
) dams. While estimates of potential vary widely, 44,000 mega-
watts is probably a conservative figure. Since the federal gov-
ernment owns most of these,dams, tapping this potential will
require the government either to invest dlrectly or to allow-
private firms access to the dams.59

Opportumtles to boost hydropower’s contribution to na-

, tional energy budgets also exist at dams that already generate
power. Upgrading the power-generating capacnty of dams
makes even more sense as the costs of alternative fuels rise and *
turbine technology advances. At the Grand Coulee Dam on .

. the Columbia River jn the United States, for example, one new *
superefficient generator has been installed and two more may
be added. In Switzerland hydroelectric production could be

*
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increased by 20 percent if up-to—?ﬁ&e turbines and generators
were installed on its dams, some of which date back to the
1800s. California could increase power output by raising the
giant 700-foot Lake Shasta Dam an extra 200 feet, though
buying property along reservoir shorelines and relocating peo-
ple who have built there would be costly.60

In regions where most of the favorable sites have been
tapped and where thermal power plants are numerous, hydro
facilities can be turned into what are known as “pealéng” and
“pumped®storage” units. Since demand for electricity varies
widely over time, sources that can je easily Furned off or on are
needed to meet demand peaks. Since the water stored behind
a dam can be refeased at ariy time, hydroelectric plants can
become sources of peaking power if additional turbines are
installed Pumped storage facilities further exploit water’s flexi-
bility as an energy source by using off-peak power from con-
tinuously running coal and nuclear plants to pump water uphill
into storage reservoirs. As needed, water is released to run back
downhill through the turbines, which recoup two-thirds of the
energy used for pumping. Worldwide, some 37,000 megawatts
of these energy-storing facilities have been built so far.61 |

Peaking units and pumped storage facilities do hdve their
dpawbacks. Pumped storage plants tend to be large, exﬁdxsive,

_and diffcult to site. Fluctuating water releases erode shore

-

lines, impede navigation, and disrupt fish life, More important,
it probably cogts less to lower peak demand with conservation
and utility load-management techniques than it does to meet
peak demand with hydro peaking units. . .

Where hydroelectric regimes are mature, only institutional
ineryja stands in the way of 3 fuller use of hydropower. Tha,
Soviet .Union, .many European nations, and especially the
United States.could all rehabilitate small dams to acquire
needed power. The technology is time-tested, the economic
incentive clear.

’
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The- Hydropower Prospect ~

As economically appealing as hydropower is, favorable econom-
ics alone is,not enough Political, financial, and environmental
obstacles stand in the way. Also key is government’s unique
catalytic rol¢, since rivers are everywhere publicly owned and
since water projects touch upon so many aspects of life. With
public resistance to government initiatives mounting and sup-
port for development aid declining, only committed and far-
sighted political leadership can get world hydropower potential
developed.

So great is hydropower’s potential that theoretncal]y it could
meet all the world’s electricity needs, though of course arid
lands have virtually no resources. Even quadrupling global hy-
droelectric production—a realistic goal—would yield roughly
as much electricity as the world currently consumes, certainly
enough to permit electricity use to grow for many years and
to eliminate the need to build most of the coal and nuclear
power plants energy planners favored in the wake of the oil-
price revolution of the seventies. In some countries and regions
hydropower can meet most or-all additional electricity needs.
Quebec is seriously considering building a fully electrified econ-
omy based on water power, while the heavily oil-dependent
Central American countries have.enough untapped hydro and
geothermal resources to become energy self-sufficient. Costa
Rica, for example, already gets 35 percent of itszenergy from
hydroelectric plants and 94 percent of its hydro potential re-
mains untapped.5?

Some nations have enough hydropower to become electric-
ity expo;tcm's Having tapped the swift-flowing headwaters of
Europe’s rivers in® the Alps, Switzerland sells electricity ‘to
France and Italy. Nepal and Peru are similarly blessed with
abundant hydropower resources, still largely untapped. Nepal
could become the Switzerland of Asia, exporting electricity to
the Indian subcontinent. Where distance makes transmission
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energyintensi¥e products as aluminum 63

The pace of hydropower development efforts varies greatly
from nation to nation and continent to continent. (See Figure
8. 1.) North America, the Soviet Union, and Europe all have
substantial projects planned or underway. Among the sleeping
giants of hydropower—Asia, South Agerica, and Africa—
South Amgrica, led by Brazil, has come Tarthest.64

Becaus&ydropower plants, especially large ones, take years
to plan and construct, short-term projections can be made with
some confidence. As of 1980 some 123,000 megawatts of hydro
capacity were under construction and another 239,800 mega-
watts planned. When all these plants aré completed by the
turn of the century, worldwide hydroelectric output will be
toughly double what it is today. But even then, no more than
one-third of the power that could feasibly be tapped will have

_ of electricify ?ractical, hydro-rich countries can export such
h
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Figure 8.1¢ Status of Hydropower Developmerit, by chior;, 1980.
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"been brought on line. By the year 2020, the World' Energy
Conference optimistically projects, hydropower will supply
some 8 trillion kilowatt-hours of power, almost six times the
present level. But this potential won’t materialize unless such
economically impoverished but . resource-richo countries as

Zatre, China, and Nepal attract investment capital and create

markets for hydroelectricity.65

Financing aside, environmental problems may well pace fu
ture hydropower development In industrial countries the de-
sire to preserve prime agrlcultural land and unique scenic and
recreational resources has already made some large hydro sites
off limits. In developing countries environmental catastrophies
now unfolding in some regions could damage or destroy the
hydropower capacity in others. Unless soil erosion and siltation
are checked, the hydropower investments of many Third
World countries would be for nought.

Not just dams, but basin-wide development and resource
management will have to be the cornerstones of future hydro-
poyer programs. Local labor will have to be called upon and
rewarded for tree planting and erosion control. And nations
will have to take the codevelopment of large and small water

projects as a signal rule. ‘

-
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Wnd power. returns as a breath of fresh air to the world
energy scene. Its use is already economical in some regions, and
plans for harnessing wind are proliferating in many countries.
As_technologies and, productior techniques evolve, wind ma-
chines more reliable and less expensive than current models
will further widen wind power’s use.
Today’s wind machines range from simple water-pumping
devices made of wood and cloth to large, sleekly contoured . '
electricity-generating turbines with 100-meter blade spans. In /
Australia and parts of Africa, Asia, and Latin America, wind-
driven irrigation pumps are enjoying a renaissance. S0 too are
sail-dfiven commercial ships in many coassal areas. Small elec-
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tricity-generating machines are also becoming more popular,
particularly in North America and northern Eurcpe. For large

wind turbineg—sophisticated new machines with comiputer- ~
based control systems—the energy market will take somewhat
longer to open ub, but t'helr'ilong -term potential to generate
inexpensive electricity appears immense. .

The conditions are ripe for wind gower. But as with most  *_
other renewable energy sources, gear-term sucgess is by no
means assured. Ambitious government research programs ac-
count for much of the progress achieved so far, and decisions
by some governments to trim support for wind energy in the
early eighties have slowed development. Yet even without gov-
ernment funding wind power development would probably
slow rather than stop, so great is the momentum it acquired
during the last decade. Indeed, wind power researchers and '
businessmen are certain that the wind will yield substantla?\_/
amounts of electricity and direct mechanical power before the
turn of the century.

»

, Hamessing the Wind

Wind is born of sunlight, which falls unevenly on different
areas of the earth and thus heats the atmosphere unevenly.
Since warm air weighs less than cool air and tends to rise, air'.
moves. One large air-circalation system consists of cool polar
air being drawn toward the tropics to replace lighter, warmer -
air that rises and then moves toward the poles. Amid this flow,
high and low pressure zones develop naturally and give rise to
. the persistent trade winds in the tropics, the polar easterlies,
and the westerlies that traverse the northern and southern
temperate regions. Similarly, coastal winds and such régional
turbulence as the Asian monsoons result as &ool ocean air flows
inland to replace the rising warm air’?
Of the solar energy that falls on the earth, only 2 percent ?
becomes wind power.2 But this sma]l fraction represents far
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more energy than humanity uses in a year. Of course, most
winds occur at high altitudes or over the oceans where they do
civilization little good. Even the most ambitious wind-energy °
s¢hemes would tap only a small fraction of the total resource
—comparable to occasionally lifting a bucket of water out of
the oceans. ) <
Harnessing the wind's energy is not, obviously, a new idea.

" Since the dawn of history, sailing ships have transported goods

and people, opening up new lands and carrying invading armies
to distant shores. Windmills—machines that capture the

. wind’s power to perform mechanical tasks—were developed.

later, though when and where no one is sure. Windmills first
came into wide use in Persia around 200 B.c. These relatively
prigxiti{fe machines were used to grind grain, a)ér_actice that
later spread throughout the Middle East. Similar devices came,,
on the scene in China at about the same time.3 .
Windmills were introduced in Europe sometime before the
twelfth century, apparently by. returning crusaders. They found
their place first in grain grinding and later in wood sawing,
paper making, and agricultural drainage. Europe’s windmills .
were horizontal-axis machines made of wood. Their drive
shafts were parallel to the ground, and each machine had four
large blades. Gears connected the spinning shaft to a grinding
stone or another mechanical device. This design eventually

_ evolved into the Dutch windmill most people think of as’the

prototype. Sophisticated versions .of the Dutch model were
found throughout Europe by the fifteenth centuty. Along with

" waterwheels, they greatly boosted the productivity of agrarian

economies and cleared the way for the industrial revolution. In

, their heyday in the seventeenth century, windmills numbered

about 10,000 in England and’ 12,000 in Holland.4
European industrialists and traders abandoned windmills

and sailing ships in the early nineteenth century as coal-fired

steam engines became widely used. However, pioneers in Aus-

" tralia and North America held fast to windmills as the only

A
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. in opening the American West to cattle ranching.’
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means of obtaining precious irrigation and drinking water.
Small horizontal-axis machines with a dozen or more metal ‘
blades were developed, and an estimated 6 million water- e
pumping devices were built in the United States in the late

Fraenkel,sthe windmill was as important as the Colt revolver.

An electricity-generating wind machine was developed in
- Denmark in 1890, opening up a range of new uses for wind
power. Not long after, engineers realized that to generate elec-
tricity efficiently fewer and thiriner blades were needed. The
sldk new machines they developed found a wide market in
Denmark, the United States, and a few other countries during
the twenties and thirties. Most were used to electrify faims.6

From the thirties onward, rural electrification sounded the
death knell for wind machines in much of the world. New
hydroelectric dams and power plants that burned fossil fuels
could sell g]ectrlcnty cheaply, partly because they benefited
from government subsidies. North American farmers were en-
couraged by newly formed electric cooperatives to tear down
their windmills. A handful of inventors let them stand, how-
ever, and even during mid-century when the cost of electricity
was low, a few countries launched projects to develop larger,
more economical wind turbines. Researchers in Britain, Den-
mark, France, the Soviet Union, the United States, and West
Germany designed-wind turbines with over 20-meter long
blades and more than 100 kilowatts of generating capacity.”
Yet the rapid development of nuclear reactors and other decid-
edly modern energy technologies made even new sophisticated
wind machines seem somehow antiquated.

It took the energy shocks of the seventies to spur a wind
power revival. Since 1973 dozens of small wind-machine manu-
facturers have entered the business, and both private compa-
nies and national governments have carried out research on
larger, .more sophisticated turbmes ~ N

<2U8
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The enginecring elegance of the new machines hints at
wind pawer’s still-untapped potential The blades of a modern
wind machine typically occupy only a small space. Yet theoreti-
cally they can harness up to 59 percent of the wind passing
through the area they sweep. Operating wind machines never
approach the ideal but are usually 20 to 30 percent efficient—
high compared with other energy-conversion technologies.
Given the amount of energy they capture, both the material
and energy requirements for the manufacture of wind ma-
chines are impressively low. Most wind machines generate
as much energy as they take to manufacture in less than 5 years
—much quicker than most other conventional or solar tech-
nologies.8

The amount of energy available in the wind depends on its
speed The amount increases eightfold every time wind speed
doubles, so wind at 12 miles per hour contains fully 70 percent
more power than wind at 10 miles per hour. A difference of
just two mules per hour can, therefore, make or break a wind-
energy project. At present, average wind speeds of 12 miles per
hour or greater are needed to operate an electricity-producing
wind machine economically, though mec}(amcal water-pump-
ing wind, machines work fine where winds average only eight
miles pet hour.?

Since wmd availability varies greatly by region, each * ‘wind-
prospecting” country needs an accurate reading of the size of
the resource and its distributisn. Initial, assessments in North
America and Western Europe mdlcate that in most northern
temperate regions there aré many areas with sufficient wind to
generate electricity economically. Mountain passes and coast-
lines in these regions appear exceptionally fertile. In both tropi-
cal and temperate regions, average wind speeds of 12 miles per
hour are fairly common, and many high-potential sites with far

greater winds have been pinpointed. And no country is com-

pletely windless—an important point con51denng how many
hdve no coal, oil, or uranium.10

2U9.
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A Reﬂastancé for Wind Pumps

The technology t}.at opened the American West in the nine-
teenth century may turn out to be a lifesaver for the world’s
semiarid regions during the late twentieth. Diesel pumps are
a costly means of drawing up the water so desperately needed
for irrigation, livestock watering, and general household use in
developing countries, and wind pumps now appear to be a
viable alternative. In fact, for drawing water, wind power is a
perfect match. When it is windless, water users can simply
draw on water purhped‘ into 2 storage tank on windy days.
Storing water is of course far less expensive than storing elec-
tricity. .

Approximately one million mechanical wirid pumps are in
use today. Most are located in Argentina, Australia, and the
United States, where they mainly proyide water for livestock.
Since most mechanical wind machines have an energy. capacity
of less than half a kilowatt, the world’s wind pumps supply at
best a few hundred thousand kilowatts of power—less than one

|, large thermal power plant.!! Yet mechanical wind pumps play

:

a crucial role. Imagine, for example, the cost and difhculty of
getting coal-fired electricity to isolated r@hches in the Aus-
tralian outback. R

.Most mechanical wind machines use anywhgefe from four to
twenty blades to capture the wind’s ener, }
“transferied by a drive shaft to a pumpingl meéf
most common wjnd pump in use today is the’American multi-
bladed fan- machine. Heir t6~theé horjzontal-axis design
that dotted the plains in the ninetgenth céntury, this rugged
machine will operate effectively at average wind speeds below
ten miles per hour. Most of the machine’s parts, including the
blades, are made of metal, and the diameter varies from two
to several meters. Costs tun from around $4,000 to over $10,-
000 per unit.12

Most wind-machine manufacturers are in Argentina, Aus-

»
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tralia, and the United States, though wind-pump industries can
be found in New Zealand, the Philippines, South#\frica, and
West Germany, too. Although sales plummeted during the
fifties and sixties, particularlyin the United States, the industry
remains strong in Australia and South Africa, where wind
pumps are standard equipmeént on farms and where spare parts
.and repair services are readily available.!3
Since the early seventies, the market for wind pumps has

again begun to grow. But it remains concentrated in regions

where wind machines have been in long use- Modern large
* farms and deep wells require more pumping capacity than most
windmills can supply, so many farmers have been slow to adopt
the techinology. Wind pumps could be used widely in develop-
ing countries, but efforts to import machines,for development
projects have frequent¥ foundered because_the designs were
poorly suited to local wind availability, economic needs, or
social customs. Many wind pumps go og§ of commission for
want of a few minor spare parts or an oil change. In one project
in Zambia, local people eventually dismantled imported wind-
mills piece by piece for use for other purposes.14
Solving these problems would both assure a larg{ role for
wind pumps and raise rural villagers’ Iiving standard¢. In areas
with average wind speeds of at least 10 miles per hour, wind
power already can provide pumped water for small-scale uses
at approximately half the cost of diesel power. Recent studies
found that eveh in the léss windy parts of India, wind pumps
are now cheaper to use than diesel pumps.1* ' .
* Research on wind pumps for Third World use has picked up
speed in recent years and has been carried out mainly by
private nonprofit organizations supported by national govern-
ments and international.aid agencies. These windmill develop-
. ment projects have relied on materials that are both cheap and
locally available, an approach that directly involves and benefits
the rural poor. Wind pumps stand as a prime example of what
E. F. Schumacher called an “intermediate technology” —one

\V
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. that«employs modern engineering and yet is well matched to -
the needs of the rural poor, providing jobs and creating self-
reliant communities.

In particular, the sailwing or Cretan windmill, ﬁrst devel-
oped in the Greek islands but now used for irrigation in several
Mediterranean countries and Thailand, lends itself Beautlfully
to local manufacture out of indigenous materials. Improved
versions have been built in Colombia, Ethiopia, Gambia,
India, and the United States to meet the needs of small farm-
ers. Another innovative design based on traditional windmills
is the Savonius rotor, a vertical-axis machine typically made of
two oil-drum halves mounted-around a perpendicular shaft $0
as to catch the wind.16

Some researchers and government planners are now workmg
out ways to make wind machines an integral part of ruraly
development and to build an indigenous manufacturing capa-
bility. Las Gaviotas, a rural development institute in Colombia,
has spent six years designing a reliable and inexpensive fan-type
windmill that pumps domestic or irrigation water in low winds.
A uction ?acility has been built that turns out twenty-five

Aindmills per day, and the national government is helping fund
the placement of the wind machines throughout rural Co-
lombia. A similar strategy is used by the London-based Inter-
mediate Technology D ment Group (ITDG), which has
developed a prototype fan windmill it hopes local industries in
many poor countries will one day manufacture Mready, Kijito,
a small firm in Kenya, has begun Hirning out ITDG-designed
wind machines)¥, '

Another camp of wind-power experts argues that for econ-,
omy’s.sake wind-pump users themselves should build' the
pumps\out of local materials rather than waiting for an mdustry
to grow up.18 In Thailand, where simple wind, pumps dre
widely used by small farmers, this approach has worked. Else-
where a local commercial market will be needed. Whatever
approach is taken, it is sure that domestic manufacturing will

-
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- go farther toward providing employment and keeping costs low
than importing 'wind technologies will. Programs that train
people to install and repair wind machines.are also essentiakfor
any successful effort to introduce windmills. Agricultural coop-
eratives and extension services may prove ideal for transferring
this know-how.

Clear Sailing

Another use of wind power even older than wind pumps is also
being revived. Fishermen and shipping companies lookigg to
reduﬁ fuel costs are adapting sails for their vessels. Using new.  /
desigr’s based 'on modern synthetic materials and computer-
assisted control systems, modern mariners are proving that
sailing boats can once again serve practical ends. A major study
sponsored by the U.S. Maritime Agency concluded in 1981
, that a combination sail-and dlesel system is more economical
than either used alone. (The power fraction provided by the
“wind should ideally be béetween 20 and 30 percent, depending
on how high the average winds are.)!®
The use of wind power appears most feasible on coastal
cargo vessels an® fishing boats. Many suc‘craft travel in areas
with steady winds, and their relatively small size makes it easier
to adapt sail technology. The Phoenix, a 20-meter two-masted
.schooner launched in 1982; provides convenient<ransportation
for passengers and co\nmercm} gobds around Long Island
Sound, with.a 20 to 25 percent fuel satings. Another ship, the .
6o-meter Greek vessel Mini Lace, was chosen as one of the ten
( outstanding engineering accomplishments of 1980 for its ener-
gy-saving sail retrofit. More difficult is harnessing wind power
on large vessels, but a Japanese company has Aieady built a
sail-assisted 3,000-ton oil tanker and has plans to construct one
—  three times its size.20
For developing countries sail-powered boats may have an
especially important role to play. The thousands of small

‘




200 ° Renewable Energy

i

fishing and cargo vessels so essential to the economies of devel-
oping natfgs with extensive coastline@®at up/large amounts of
oil. ‘Sailing vessels couldsbe the answer, as successful reliance
on sail power in parts of the Philippines.and Sri Lanka shows
If the promise of such examples or the results of feasibility
studies are anyymeasure, sails could again become a common
sight in the w))rld’s commercial fleets. However, as Lloyd
Bergeson, a designer of sail—poweréd ships, noted in 1982, “It
took us neatly a century to change from sail to steam, and it
will take a while to change ‘back again.”’2!

Electricity*from Small Wind Machines

Although the wind has been used to generate electricity since
before the turn of the century, it has never been a widespread
power source. Today change is in the air. Electricity. price
increases and technology improvements have given the small
wind turbine industry a new lease on life.

Before the seventies virtually all wind turbines were used at
remote sites with no access to an electricity grid. The machines
—small and connectedsto storage batteries—werezdesigned
specifically with that market in mind. Approximately; 20,000
direct-current wind turhines of this sort are int uise today at fire
lookouts, remote|airfields, isolated ranches, coastal buoys, and
the like. A_lthouéh the power these wind machines generate
costs more than 20¢ per kilowatt-hour, other means of genera-
ting electricity in remote areas cost even more.?2

Tqglay one of the most important technological and eco-
nomic chagges afoot is the development of wind power systems
that do not require batteries. Modern'technologies convert the
direct current produced by a wind turbine into alternating
current that can be fed directly inito the utility grid. Instead of
relying on batteries or going without power when the wind dies
down, the user draws electricity from the utility’s lines just like
other customeér's do. When winds are high and electricity needs

H
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low, excess power automatically enters the electric lines and is
sold to other customers.

Most of these recently developed wind turbines have a hori-
zontal axis and two to four blades that rotate at speeds that vary
with the wind speed. Most face upwind of the tower with a tail
mounted behind the rotor to maintain this position. A few
models face downwind, which elfminates the need for a tail,
but can cause air turbulence ptoblems. With blades of metal,
wood or fiber glass, the new wind machines are stronger and
lighter than older models. Most have blade diameters of 5
meters or less and generating capacities of between 2 and §
kilowatts (enough to supply the power needed by a typical
modern residence in a windy area). Interest is growing in some-
what larger machines of up to 5o kilowatts that could be used
by farms or small industries.23

These new wind-energy systems are most popular in Den-
mark and the United States, largely because of high winds, a
tradition of wind power use, and favorable ‘utility policies in
both countries. In the United States approximately forty
manufacturersﬂd ,400 small wind machines in 1981. Yet
even in these countries the industry is young and subject to
normal growing pains. Some firms are barely surviving, selling
only a handfu of wind turbines a year, and the quality of the
machines sold is still uneven.24

Wind turbine manufacturers are working hard to resolve

these difficulties. They are beginning to replace some “off the
shelf”” components with those engineered specifically for wind-
turbine use, and both private industry and government pro-
grams are aimed at increasing rotor efficiency and making
transmissions and generators more reliable. Needed still are
lightweight, inexpefisive, yet rugged blades and lightweight,

~ flexible towers designed specifically for wind turbines.2’

To break into the mass market wind machines must be
reliable and have life spans of at least twenty years. Ned Cofhn
whe, heads the Enertech Corporation, a leading U.S. firm,
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notes. “The key to our business is making a windmill that is
idiot proof. It has to be maintenance-free like an icebox.” The
pace at which costs come down, sales expand, and reliability
improves will, of course, be determined in part by large-scale
production and assembly techniques. The largest firms in busi-
ness today produce only a few hundred wind machines per
year, which means that each turbine is essentially handmade
nd that the wind-turbine figld is about as far along as the auto
industry was before Henry Ford introduced the Model T.
Manufacturing wind turbines on an assembly line would be
even easier than assembling cars. On a production line several
thousand wind machines a year could be turned out at substan-
tially réduced costs, even if the technology were not othenmse
improved.26 | ‘ -
Today a typical household-sized wmd energy system of 3 to

5 kilowatts costs between $5,000 and $20,000 and generates
electricity for upward of 15¢ per kilowatt hour. At this price
wind-generated electricity costs between 50 and 100 percent
more than electricity from a central grid, so further cost reduc-

=~-tions are clearly needed. Yet wind-turbine researchers believe

that technological improvements such as those just described
could bring generating costs down to approximately 5¢ to 10¢
per kilowatt hour where the wind averages 12 miles per hour.
Then small wind turbines would enjoy a huge market in many
areas of the world.27

Designs still being investigated could turn out to be both
more effective and less expensive than the best conventional
machines marketed today. Vertical-axis wind machines resem-
bling miniature merry-go-rounds are already being marketed by
one company in Great Britain and another in the United
States, though these machines’ commercial future depends
heavily on further research. Another promising alternative, the
sailwing turbine developed at Princeton University, has two
curved blades made of wire and cloth. Private industry and
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several governments are testing a number of other designs that
may one day reach the market.28

One particularly promising idea has yet to receive the atten-
tion it deserves—using wind turbines to heat water for space
heating. Recently developed “heat churns” that use mechani-
cal power to heat water are well suited for use with a rotating
_ wind turbine. In windy regions such a device would even now
" be cheaper than electric resistance heating, and soon it may
cost less than fossil-fuel heating in most regions. In Canada and
northern Europe, where heating needs are great and winter
winds strong, wind-powered churns could be ideal.2®

Wind Power for Utilities

Qumtessentlally decentralized, wind may nevertheless power
centralized energy systems operated by or for utilities in the
coming decades. By clustering large numbers of wind turbines
in areas where wind speeds average 14 to 20 miles per hour,
“wind farmers” can generate electricity for transmission to
industrial and urban areas. Since most areas with such extra-
ordinary winds are only thinly inhabited, wind farms represent
‘the only-way the energy potential of these regions can be
tapped.

One step in making wmd farins a reality is technological.
Large turbines appear to have an important long-run advantage
for use on wind farms since they are cheaper to build on a
per-kilowatt basis and they can more fully exploit a windy
site.30 Since the early seventies engineers in several countries
have been working to develop technologically sophisticated
turbines that would dwarf those Don Quixote charged at la
Mancha.

Typically, a wind machine is considered large if its capacity
is 100 kilowatts or more, but several machines capable of gener-
ating at least 1,000 to 4,000 kilowatts (1 to 4 megawatts) are

.
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in the works. Along with various machines with capacities of
200 to 1,000 kilowatts, five types of multimégawatt wind ma-
chines are currently being developed in three countries. The
largest of these machines could generate sufhicient power for
over 1,000 typical U.S. homes or for perhaps twice as many
residences in tountries where electficity use is lower. Yet it
would take a wind farm with soo of these large turbines to
generate as much power as one of the large thermal power
plants in use today.3! _ ’

In basic appearance large and small turbines are quite simi-
lar., But other differences are great. Large wind machines, es-
sentially an aerospace technology, require meticulous engineer-
ing. Their blades are typically as long as a jumbo jet’s wings—
usually ovef 56. meters—and the latest computet technology
controls the'blades’ angle and rotational speed. The stresspn
these blad%s 'is enormous, so designing them to hold up in
‘heavy winds has been a world-class engineering challenge for
the high-technology firms that dominate the business. In both
the United States and Europe engineers who cut their teeth
on jet aircraft technology are directing large-turbine research
efforts.32 : : '

The United States has been a pioneer in the development
of large wind machines. In 1975 the U.S. National Aeronautics
and Space Administration (NASA) began contracting with
private firms to develop a series of large horizontal-axis tur-
bines. Under the Department of Energy’s supervision this pro-
gram has resulted in a commercial effort to install thirty-six
3,500-kilowatt turbines at'a wind farm in California for $400
million. Designed by Boeing, these breathtaking machines
(called Mod-2s) have two narrow blades that describe an arc
nearly 100 meters in diameter. On a clear day the turbines can

* be seen from five miles away.33 . _
" Plans for other, more advagced but less expensive wind
turbines are continuing but haveyeen slowed by the Reagan
administration. Meanwhile, howevqr, two U.S. companies—
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the Bendix Company and the Hamilton Standard Corporation
—have developed large wind machines. These turbines are at
the prototype stage, but early performance data indicate that
they too could yield power that competes economically with
that from conventional power plants. The key to unlocking
that potential is to improve the reliability of the large wind
machines—particufdly their capacity to operate safely in
unusually high winds—so that ‘they can become standard util-
ity equipment.34

Since the U.S. program was launched, Canada, Denmark,
Great Britain, the Netherlands, the Soyiet Union, Sweden, and
West Germany have begun to develop large turbines. One of
the most impressive efforts is taking place in Denmark, where
engineers hope a 630-kilowatt machine they have designed will’
soon be used widely on Denmark’s coast. In England Taylor
Woodrow Construction, Ltd., a major engineering firm that
also builds nuclear power plants, is under government contract
~ to design ag3,000-kilowatt wind turbine that could be mass

produced Q‘ne late eighties.35

Another design, the Darrieus wind turbine, is also coming
into its own. The governments of Canada and the United
States have separately financed the development of this “up-
side-down eggbeater.” With two or three:curved aluminum
blades turning a central upright shaft attached to a ground-
based transmission and generator, the Darrieus works well in
high winds. The blades extend close to the ground where less
wind is available, however, and they must withstand varying
levels of force as they pass in and out of the “ eye” of the wind.
It is still uncertain whether Darrieus machmes will ever enjoy
wide use.36

As research on electricity-producing machmes continues,
utilities are looking for ways to make use of arrays of large wind
machines on wind farms. As of 1981, 110 U.S. utilities had
wind-energy programs, up from just 50 in 1979. Although most
are just small demonstration projects or feasibility studies, sev-
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eral utilities are on the verge of making major commitments to
wind power. In Great Britain the Central Electricity Genera-
ting Board is seriously studying the nation’s potential for wind
farm use. In the Netherlandsthe national electricity associa-
tion, SEP, is developing a 10-megawatt experimental wind
farm and plans to use wind power to generate 7 percent of the

“country’s electricity in the year 2000.37 -

Meanwhile, commercial development of wind farms has
begun in the United States. The world’s first wind farm began
operation in Vermont in 1981, relying on 30-kilowatt turbines
developed by U.S. Wmdpower, Inc. Since ther, over twenty
wind farm contracts have been signed, including one for a large
80-megawatt project in Hawaii and one for 4 125-megawatt
project in northern California.38 .

California is clearly the. world’s pxouér in wind farming.
Blessed with mountain passes and other ideal wind sites, Cali-
fornia also has a state government keen enough on wind to
enact its own wind-energy tax crédits, conduct wind resource

. assessments, and require utilities to buy power from wind farms

at a fair price. By the end of 1982 California had 1,000 wind

_machines with 3 total capacity of 60 megawatts located at a

dozen wind/farms, and the industry continues to grow explo-
sively. Most of these wind farms employ small and medium-
sized turbines, each with a capacity of between 10 and 100
kilowatts, but large multimregawatt turbines will be used at
some projects now in the planning stages. The California En-
ergy Commission’s goal is for the state to have 700 megawatts
of wind farms by 1987.and 4,000 megawatts by the’end of the’
century.39

Much of the early work in developing wind farms in Cahfor-
nia and elsewhere in the United States is being carried out by
small innovative firms formed specifically to tap this power
source. Companies such Z§‘U.S. Windpower, Inc. and Wind-
farms Limited have started signing contracts with utility com-
panies to supply wind-generated electricity at the same price
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as power from newly built conventional plants. The small wind-
energy entrepreneurs typically locate their own financing and
lease the land on which the machines are constructed. Aided
by generous federal and state tax incentives, these firms can
invest in new power sources that utilities will not develop on
their own. For the utilities, tapping the wind in this manner
is of course risk-free, so entrepreneurialism bridges,the institu-
tional gap that poses the largest remaining barrier to wind
_power's widespread use. '

The economic verdict on wind farms is now clear. If well-
designed wind machines are placed at good wind sites, electric-
ity can already be generated for as little as 10¢ per kilowatt
_hour. In parts of California, the North American Midwest,
northern Europe, and many developing countries where oil-
generated electricity is common, wind farms are close to being
economically viable now. When wind farms employ later gen-
erations of mass-produced wind power technologies, studies in
Europe and the United States indicate they will be able to
produce electricity that costs between 3¢ and 7¢ per kilowatt
hour. By the tlineties wind farms_will likely have an econ